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J.  P.  Wightman,  and  G.  Zhuangt 
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*Instituto  Nicaraguense  de  la  Pesca  (INPESCA) 
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ABSTRACT  -  The  uptake  of  copper  and  silver  from  aqueous 
solution  by  pretreated  crab  and  shrimp  shells  is  reported  in 
this  paper.  The  uptake  of  the  metals  was  determined  from 
changes  in  concentration  as  measured  by  atomic  absorption 
spectroscopy.  There  is  no  measurable  uptake  of  copper  or 
silver  by  crab  shells  which  have  been  treated  only  with 
hydrochloric  acid.  Treatment  with  a  basic  solution  at  elevated 
temperature  is  necessary  to  obtain  significant  metal  uptake  of 
about  100  pmoles  of  copper  or  silver  per  gram  of  crab  shells. 
Energy  dispersive  analysis  of  x-rays  (EDX)  was  used  to  verify 
the  uptake  of  silver  and  copper  by  the  al kal ine-pretreated 
shell.  Chi  tin  produced  from  shrimp  waste  shows  no  measurable 
uptake  of  copper.  However,  chemical  conversion  of  chitin 
produces  chitosan  which  gives  a  significant  uptake  of  copper 
amounting  to  about  200  pmoles/g. 


Introduction 

Hard  shelled  crabs  from  the  Chesapeake  Bay  account  for  a 
significant  percentage  of  the  entire  U.  S.  fisheries  providing 
an  annual  revenue  in  excess  of  eleven  million  dollars.  The 
excess  waste  from  this  industry,  namely  crab  shells,  is  being 
studied  in  our  laboratory  for  possible  use  in  the  removal  of 
heavy  metals  from  industrial  effluents. 

The  primary  component  of  crab  shells  is  the  polymer  chitin 
(poly-N-acetyl-d-glucosamine).  Muzzarelli  (1977)  summarized 
several  methods  for  obtaining  high  purity  chitin  and  chitosan, 
its  deacetylated  derivative,  from  the  exoskeleton  of  crabs. 
The  uptake  of  heavy  metal  ions  from  aqueous  solution  by  chitin 
and  chitosan  is  also  well  established  in  reports  by  Hauer 
(1978),  Masri  and  Randall  (1978),  Kurita  et  al .  (1979),  Elson 
et  al.  (1980),  and  Suder  and  Wightman  (1983).  The  present  work 
addresses  the  important  question  of  the  minimum  pretreatment  of 
crab  shells  necessary  to  achieve  significant  metal  ion  uptake. 


^Visiting  Professor,  Tianjin  University,  Peoples  Republic  of 
China. 
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At  the  time  this  research  was  being  carried  out,  an 
independent  preliminary  report  was  received  from  Dr.  Campbell 
at  INPESCA  on  the  removal  of  copper  from  aqueous  solution  using 
chitin  and  chitosan  obtained  from  shrimp  waste.  In  view  of  the 
worldwide  interest  in  the  utilization  of  shellfish  waste,  the 
experimental  details  and  results  obtained  in  this  study  are 
contained  in  the  Appendix. 


Experimental 

The  crab  shells  were  the  top  carapace  of  the  Atlantic  blue 
crab  (Callinectes  sapidus)  which  had  been  steamed  for  about  45 
minutes  at  atmospheric  pressure.  The  shells  were  first  cleaned 
by  removing  the  fleshy  material.  Twelve  shells  were  then 
placed  in  2  1  of  2  N  HC1  for  approximately  24  h.  After  air 
drying,  the  shell  remains  were  crushed  manually,  placed  in  a 
blender,  and  pulverized  into  small  particles.  These  were 
sieved  to  obtain  a  particle  size  >820  pm.  The  larger  particle 
size  fraction  is  designated  crab  A. 

Other  processes  were  used  as  described  below  to  further 
chemically  treat  the  shells.  In  the  first  process, 

approximately  18  g  of  crab  A  powder  <820  pm  were  placed  in  50 
ml  of  2  N  HC1  at  0-10°  C  with  occasional  stirring  for  20  h. 
The  solution  was  then  shaken  at  200  rpm  for  1  h.  The  shell 
remains  were  filtered  and  rinsed  with  deionized  water.  Next, 
the  shells  were  treated  with  60  ml  of  1  N  NaOH  at  approximately 
80°  C  with  stirring  for  17-18  h.  The  shells  were  again 
filtered  and  washed  several  times  with  deionized  water  until  a 
neutral  pH  was  reached.  The  solid  was  dried  with  low  heat  and 
ground  into  particles  <420  pm  in  size.  This  material  is 
designated  crab  B.  The  shell  treated  with  cold  acid  was  more 
easily  ground  into  smaller  particles  compared  to  shells  which 
were  not  treated  with  cold  acid. 

In  the  second  process,  2.5  g  of  crab  B  was  added  to  35  ml 
of  1  N  NaOH  and  left  overnight  at  approximately  80°C  with 
stirring.  After  filtering,  the  solid  was  rinsed  to  a  neutral 
pH,  dried,  and  ground  into  particles  <420  pm.  This  material  is 
designated  as  crab  C. 


In  the  third  process,  10  g  of  acid-treated  shells  were 
added  directly  to  60  ml  of  1  N  NaOH  at  80-85°  C  with  stirring 
for  9  h.  The  solid  remains  were  rinsed  to  a  neutral  pH  and 
dried  with  acetone.  The  solid  was  then  dried  using  a  hot  plate 
and  the  solid  was  ground  into  particles  <850  pm  in  size  and 
particles  >850  pm.  The  smaller  particles  are  designated  crab 
D. 


In  the  fourth  process,  3.8  g  of  the  larger  particles  from 
the  third  process  were  successively  given  three  treatments  of 
25  ml  of  1  N  NaOH  at  80-85°C  with  stirring  for  11-17  h.  The 
solutions  were  decanted  between  each  individual  base  treatment. 
The  solid  was  filtered  and  rinsed  with  deionized  water  to 
neutralize  it.  The  solid  was  then  dried  with  low  heat  and 
ground  into  particles  <850  pm.  This  material  is  designated 
crab  E. 


A  description  of  the  various  chemical  pretreatments  used 
on  the  crab  shells  is  summarized  in  Table  I. 


Aqueous  solutions  of  reagent  grade  Cu(N0,)?  were  prepared 
in  deionized  water  in  the  nominal  concentration  range  from  0.05 
mM  (1  ppm)  to  1  mM  (20  ppm).  In  each  of  six  125  ml  flasks,  0.1 
g  of  820  pm  crab  A  (acid-treated  shell)  was  mixed  with  50  ml  of 
different  Cu(N03)p  solutions.  These  were  covered  with 
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TABLE  I 

DESCRIPTION  OF  CHEMICAL  TREATMENTS* 


Solid 

Crab  A 

2  N  HC1 

X 

2  N  HC1 (0-10°C) 

1  N  NaOH  (80-85°C) 

Crab  B 

X 

X 

X 

Crab  C 

X 

X 

2X 

Crab  D 

X 

X 

Crab  E 

★ 

X 

4X 

details  of  each  treatment  are  given  in  text. 
X  -  treatment  given  solid 
blank  -  not  treated 


Parafilm  and  placed  on  an  automatic  Junior  Orbit  shaker  for 
24  h  at  room  temperature  and  250  rpm.  The  equilibrated 
solutions  were  carefully  pipetted  into R small  jars  avoiding 
transfer  of  solid  particles.  A  VarianK  AA-175  single  beam 
atomic  absorption  spectrometer  was  used  to  analyze  both 
standard  solutions  and  the  equilibrated  solutions  with  an 
ai r/acetylene  flame.  Copper  solutions  were  run  at  327.4  nm 
with  a  spectral  band  pass  of  0.2  nm.  A  standard  curve  of 
absorbance  versus  concentration  was  made.  Final  concen¬ 
trations  (Cf)  of  the  equilibrated  solutions  were  determined  by 
interpolation  of  this  curve  and  changes  in  concentration  (AC) 
were  calculated.  Uptake  isotherms  were  plotted  of  V*AC/w  as  a 
function  of  Cf  where  V  is  the  volume  of  the  original  solution 
(50  ml)  and  w  is  the  mass  of  the  polymer  added  (O.lg).  This 
procedure  was  repeated  for  crab  B  and  C.  Some  duplicates  were 
run  to  establish  the  indicated  error  bars.  The  pH  of  the 
equilibrated  solutions  was  not  controlled. 

The  procedure  was  also  performed  with  crab  B,  C,  D,  and  E 
using  aqueous  solutions  of  reagent  grade  AgNO,  over  the  nominal 
concentration  range  from  0.01  mM  (0.2  ppm)  to  0.5  mM  (10  ppm). 
The  atomic  absorption  spectrometer  was  set  at  either  338.3  or 
328.1  nm.  Uptake  isotherms  were  again  plotted. 

Powders  before  and  after  equilibration  were  examined  using 
an  AMR  scanning  electron  microscope  (SEM)  with  an  energy 
dispersive  analysis  of  x-ray  (EDX)  accessory.  The  equilibrated 
samples  were  washed  with  deionized  water,  dried,  mounted  on 
probes  with  copper  tape  and  coated  with  carbon  to  minimize 
charging. 


Results  and  Discussion 

The  crab  A  powder  showed  no  measurable  uptake  of  Cu (II) 
from  aqueous  solution  as  determined  by  A. A.  analysis.  Thus, 
acid  treatment  of  crab  shells  alone  is  insufficient  to  produce 
a  solid  which  will  show  uptake  of  copper.  However,  all  other 
treatments  produced  crab  powders  which  did  result  in  measurable 
ion  uptake.  Copper  uptake  was  observed  visually  by  the  fact 
that  the  solid  particles  turned  blue  in  the  copper  solution. 
This  visual  observation  was  confirmed  quantitatively  by  A.  A. 
analysis  and  subsequently  by  EDX  as  described  below. 

The  isotherms  for  the  uptake  of  copper  from  aqueous 
solution  by  crab  B  and  crab  C  are  shown  in  Figure  1.  Here, 
V*AC/W  proportional  to  the  specific  uptake  of  copper  expressed 
in  moles  Cu(II)  per  gram  of  crab  shell,  is  plotted  against  C^, 
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Figure  1. 

Isotherms  for  the  uptake  of  copper  from  aqueous  solution  by  crab  powders  B 
and  C. 


the  equilibrium  concentration  of  copper  in  solution.  A 
significant  amount  (80-100  pmoles/g)  of  copper  is  removed  from 
the  solution  by  pretreated  shell.  There  is  a  small  increase  in 
the  uptake  of  copper  by  shell  which  was  treated  twice  with  hot 
aqueous  NaOH  (crab  C)  compared  with  a  single  base  treatment 
(crab  B).  The  isotherms  appear  to  be  Langmuir  type,  that  is, 
the  isotherm  reaches  a  plateau.  The  scatter  in  the  data  is 
attributed  to  the  heterogeneous  nature  of  the  crab  shell 
material . 
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Figure  2. 

Isotherms  for  the  uptake  of  silver  from  aqueous  solution  by  crab  powders  B 
and  C. 


The  isotherms  for  the  uptake  of  silver  from  aqueous 
solution  by  crab  B  and  C,  and  by  crab  D  and  E  are  shown  in 
Figures  2  and  3  respectively.  Again,  a  significant  amount 
(100-120  pmoles/g)  of  silver  is  removed  from  solution  in  all 
cases.  Here  no  difference  is  seen  in  silver  uptake  for  crab  B 
and  crab  C  (see  Fig.  2)  although  the  results  for  crab  B  are 
quite  scattered.  The  cold  acid  step  in  crab  B  does  not  seem  to 
enhance  silver  ion  uptake  and  therefore  may  be  unnecessary. 
This  conclusion  is  based  on  comparing  the  silver  isotherms  for 
crab  B  in  Fig.  2  with  crab  D  in  Fig.  3.  The  largest  silver 
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Figure  3. 

Isotherms  for  the  uptake  of  silver  from  aqueous  solution  by  crab  powders  D 
and  E. 


uptake  was  seen  on  crab  E  which  had  been  treated  with  base  four 
times.  This  can  be  seen  by  comparing  the  silver  isotherms  for 
crab  D  and  crab  E  in  Fig.  3.  The  increased  ion  uptake  is 
presumably  due  to  the  greater  conversion  of  chitin  to  chitosan 
by  multiple  treatments  with  base  as  reported  by  Muzzarelli 
(1977). 

The  SEM  photomicrograph  of  crab  B  powder  is  shown  in 
Figure  4.  The  surface  features  appear  similar  to  those 
reported  previously  by  Kemp  and  Wightman  (1981)  for  commercial 
chitosan.  Crab  C,  D,  and  E  powders  gave  similar  SEM 
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Figure  4. 

SEM  photomicrograph  of  crab  powder  B  before  equilibration  with  silver. 


photomicrographs  and  are  not  reproduced  here.  Calcium  was 
detected  by  EDX  in  all  four  cases.  The  SEM  photomicrograph  of 
crab  B  powder  after  equilibration  with  silver  is  shown  in 
Figure  5.  The  surface  features  are  similar  to  crab  B  before 
equilibration  with  silver  (see  Fig.  4).  A  significant  silver 
signal  was  noted  in  the  EDX  spectrum  of  crab  B  after 
equilibration.  Similar  SEM/EDX  results  were  observed  for  the 
two  powders  B  and  C  equilibrated  with  copper. 


Figure  5. 

SEM  photomicrograph  of  crab  powder  B  after  equilibration  with  silver. 
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Summary 


Acid  treatment  of  crab  shell  alone  is  not  sufficient  to 
produce  a  solid  which  will  give  a  significant  uptake  of  copper 
and  silver  from  aqueous  solution.  Treatment  with  a  basic 
solution  at  elevated  temperature  is  necessary  to  obtain 
significant  copper  and  silver  uptake  of  approximately  100 
pmoles  of  metal  per  gram  of  crab  shell.  Additional  uptake  is 
observed  for  crab  shells  which  have  been  given  additional  base 
treatments.  Significant  amounts  of  copper  of  about  200 
pmoles/g  are  removed  by  chitosan  produced  from  shrimp  waste. 
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Appendix 

Chitin  was  prepared  from  shrimp  waste  that  was  first 
treated  with  a  4-5%  saline  solution  to  extract  protein.  Next, 
the  remains  were  deproteinized  in  3.5%  alkaline  solution  at 
85-95°C  for  45  minutes  while  being  shaken.  Finally,  the 
material  was  demineralized  by  shaking  in  1  N  HC1  for  1  h  at 
room  temperature.  The  resultant  product  was  chitin.  The 
chitin  was  deacetylated  in  40%  NaOH  for  30  minutes  at  95-100°C 
forming  chitosan. 

A  20  ppm  solution  of  Cu(II)  was  prepared  and  a  known 
volume  of  the  solution  equilibrated  with  a  known  amount  of 
either  chitin  or  chitosan.  The  samples  were  then  shaken  at 
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Figure  6. 

Isotherm  for  the  uptake  of  copper  from  aqueous  solution  by  chitosan. 


room  temperature  typically  for  about  90  minutes.  The  solutions 
were  filtered  and  the  concentrations  of  Cu(II)  determined  using 
a  Pye  Unicam-SP  9  atomic  absorption  spectrometer. 


No  detectable  uptake  of  Cu(II)  by  chitin  was  measured. 
The  uptake  isotherm  of  Cu(II)  by  chitosan  is  shown  in  Figure  6. 
The  isotherm  results  were  linearized  using  the  Langmuir 
equation  as  shown  in  Figure  7.  The  limiting  capacity  obtained 
from  the  slope  is  11.5  mg  Cu(II)  per  gram  of  chitosan  [180 
pmoles/g].  The  greater  uptake  of  heavy  metals  by  chitosan 
compared  to  chitin  has  been  reported  Muzzarelli  (1977)  and  by 
Suder  and  Wightman  (1983)  and  appears  to  be  a  general  result. 


Cf 


Figure  7. 

Linearized  Langmuir  isotherm  for  the  uptake  of  copper  from  aqueous 
solution  by  chitosan. 
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ABSTRACT 


Dense  infestations  of  water  weed  (El  odea  nuttal 1 i i  (Planch.) 
St.  John  in  a  0.61  ha  farm  pond  were  treated  with  equal  volumes 
of  commercial  grades  of  potassium  endothall  (7-oxabicycl o[2,2,l] 
heptane-2 ,3-di carboxyl i c  acid)  and  diquat  dibromide  (6,7- 
dihydrodi pyrido[l,2-a :2,1'C]  pyrazi nedi i urn  dibromide).  A  reduc¬ 
tion  in  plant  mass  was  apparent  after  treatment.  Oxygen  levels 
dropped  after  treatment  but  gradually  returned  to  those  of  pre- 
treatment.  These  changes  were  associated  with  adjustments  in  the 
food  habits  of  sunfish. 


Key  words:  aquatic,  fish,  residues,  persistence,  fate,  environ¬ 
mental  impact 


INTRODUCTION 


The  U.S.  Army  Corps  of  Engineers  conducted  an  experimental 
program  to  evaluate  the  feasibility  of  using  equal  volumes  of  po¬ 
tassium  endothal  and  diquat  dibromide  (7.075  1  of  each  chemical 
per  surface  ha)  for  control  of  aquatic  vegetation  in  a  large 
water  supply  reservoir  in  the  early  1970' s  (Shreck  et  al  .  1974). 
We  conducted  a  similar  study  on  a  small  pond  as  a  further  evalua¬ 
tion  of  the  effects  of  these  herbicides. 

Our  first  objective  was  to  evaluate  changes  in  water  chemis¬ 
try  and  the  dissipation  rate  of  herbicides  after  treatment  of  a 
small  0.61-ha  pond  with  a  mixture  of  potassium  endothall  and  di¬ 
quat  dibromide.  Our  second  objective  was  to  evaluate  the  impact 
of  herbicide  treatment  on  net  community  metabolism,  and  our  third 
objective  was  to  assess  changes  in  fish  food  habits  accompanying 
herbicide  treatment. 


MATERIALS  AND  METHODS 

The  study  was  conducted  on  Newberry  Pond  (0.61  ha)  south  of 
Bland,  Virginia.  Shallow  areas  adjacent  to  the  shore  were  cover- 
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ed  with  pondweed  (Potomogeton  nodosus  Poir.)  and  the  rest  of  the 
pond  was  covered  with  water  weecf!  The  depth  averaged  1.22  m  and 
did  not  exceed  2.74  m.  Pre-treatment  sampling  was  conducted 
weekly  during  August,  biweekly  from  September  1974  to  February 
1975,  and  monthly  from  March  to  July  1975.  A  mixture  of  equal 
volumes  of  potassium  endothall  and  diquat  dibromide  at  a  concen¬ 
tration  of  7.075  1/ha  of  each  chemical  was  applied  as  a  surface 
spray  to  the  pond  in  August  1975.  Daily  samples  were  taken  5 
days  before  treatment  and  9  days  after  treatment.  Monthly  sam¬ 
ples  were  taken  from  that  time  until  the  pond  froze  in  December. 

Water  samples  were  collected  from  both  surface  and  deep 
water  areas  in  the  pond.  Total  phosphate  was  determined  colorim- 
etrically  by  the  persulfate  digestion  method  (American  Public 
Health  Association,  1971).  Nitrate  was  determined  by  the  cadmium 
reduction-colorimetric  technique.  Herbicide  dissipation  in  the 
water  was  determined  with  the  spectrophotometric  technique  of 
Schreck  (1982).  Levels  of  detectability  were  0.01  mg/1  for  endo¬ 
thall  and  0.05  mg/1  for  diquat. 

Community  production  and  respiration  were  determined  by  the 
modified  open  water  di  el  dissolved  oxygen  (DO)  pulse  method  of 
McConnell  (1962)  and  Welch  (1968).  Net  production  (O2  produced 
minus  respiration)  was  corrected  for  diffusion.  Diffusion  coef¬ 
ficients  were  set  between  K=0.1  -0.45,  following  the  criteria  de¬ 
veloped  by  Welch  (1968).  Nighttime  respiration  was  determined  by 
subtracting  the  preceding  evening  DO  peak  from  the  morning  DO 
peak.  We  then  determined  community  metabolism  following  the 
methods  of  Strange  and  Schreck  (1976).  The  phytoplankton  contri¬ 
bution  to  community  metabolism  was  assessed  with  standard  light- 
dark  bottle  techniques  (APHA  1971). 

Response  of  the  plant  community  to  treatment  was  determined 
by  estimating  percentages  of  the  pond  surface  covered  by  plant 
material  each  time  water  chemistry  data  were  taken.  Those  data 
were  then  verified  by  scuba  transects  made  weekly  from  July  23  to 
August  28,  twice  monthly  from  August  28  until  November  19,  and 
monthly  through  the  rest  of  the  experiment.  Stomach  contents  of 
109  (53  pretreatment  -  August/September  1974  and  56  post- 
treatment  -  August/September  1975)  sunfish  (Lepomis  sp.)  were 
analyzed  for  differences  associated  with  treatment. 


RESULTS 


Concentrations  (ppm)  of  endothal  in  the  water  column  fell 
rapidly  (trace  levels  within  48  hours)  after  treatment,  but  di¬ 
quat  was  still  present  at  near  treatment  levels  21  days  after 
treatment  (Table  1).  Nitrate  and  phosphate  levels  rose  slightly 
then  stabilized  at  slightly  lower  levels  after  treatment  (Figures 
1  and  2).  Oxygen  budgets  were  positive  preceeding  treatment, 
(except  in  winter)  and  negative  after  treatment  (Figure  3).  Phy¬ 
toplankton  did  not  significantly  contribute  to  oxygen  production, 
either  before  or  after  treatment. 

Ninety -six  percent  of  the  fish  caught  before  treatment  had 
material  in  the  stomachs  and  96%  of  the  stomachs  with  material 
contained  waterweed  buds.  Less  than  5%  of  the  fish  caught  after 
treatment  had  material  in  the  stomachs  and  none  of  the  stomachs 
contained  waterweed  buds  (Table  2).  Fish  stomachs  contained  17 
food  types  pre-treatment  and  only  11  food  types  post-treatment. 
Nine  food  types  that  were  taken  prior  to  treatment  were  not  taken 
following  treatment.  Only  3  food  items  were  taken  post-treatment 
that  were  not  eaten  before  treatment. 


NITRATES  mg/I  NITRATES  mg/I 
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Table  1.  Average  concentrations  (ppm)  of 
herbicides  diquat  and  endothall  in 
Newberry  Pond  at  different  periods  (two 
sampl es/period). 


Concentrations  (ppm) 

Period  sampled 

Di  quat 

Endothal 1 

Time  0 

0.579 

0.579 

12  hours 

0.061 

0.160 

48  hours 

0.067 

0 

8  days 

0.069 

0.021 

17  days 

0.062 

0 

21  days 

0.056 

0.021 

1.6 


0.6 

0.4 

0.2 

0.0 
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Figure  1. 

Nitrates  levels  (mg/1)  in  Newberry  and  Pond  before  and  after  treatment  with 
diquat  dibromide  and  potassium  endothall. 
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Figure  2. 

Phosphate  levels  (mg/1)  in  Newberry  Pond  before  and  after  treatment  with 
diquat  dibromide  and  potassium  endothall. 


The  percentage  of  pond  surface  covered  by  plants  increased 
from  about  50%  at  the  beginning  of  the  study  to  nearly  100% 
coverage  just  before  and  immediately  after  treatment.  After 
treatment,  plant  coverage  declined  gradually  until  0  coverage  was 
obtained  by  December  1975;  coincident  with  normal  cessation  of 
plant  growth.  New  plant  growth  appeared  on  the  pond  surface  by 
April  1976  and  coverage  was  near  100%  by  June  1976.  Pondweed 
showed  no  immediate  recovery  after  treatment  but  water  weed  budd¬ 
ed  from  the  apparently  dead  plants  by  October  1975. 


DISCUSSION 


Endothall  rapidly  dissipated  from  the  pond  environment  but 
trace  levels  of  diquat  were  found  throughout  the  study.  Schreck 
(1982)  found  similar  differences  in  dissipation  of  these  two 
herbicides  in  a  large  water  supply  reservoir. 

Other  authors  have  shown  major  nutrient  releases  following 
herbicide  treatment  (Walker  1963;  Boyd  1971;  Jewell  1971;  Nichols 
and  Keeney  1973)  but  our  data  showed  only  small  releases  of  phos¬ 
phates  and  nitrates  after  treatment.  Nutrient  trapping,  such  as 
phosphate  storage  in  the  plants  along  the  bottom  or  retention  in 
the  refractory  portion  of  the  plant  sediments,  have  been  proposed 
to  explain  data  similar  to  those  we  are  reporting  (Strange  and 
Schreck  1976). 


-bp2-ujZolu6  i- vpz- lu  z0  1116 
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Figure  3. 

Macrophyte  productivity:  Oxygen  budget  (24  hr)  for  Newberry  Pond  before 
and  after  treatment.  The  vertical  bar  represents  the  range  of  productivity 
possible  with  various  k  (diffusion)  coefficients.  The  line  connects  probable 
productivity  values  for  suspected  k  values. 


Usually,  24-hr  oxygen  budgets  become  negative  after  the 
removal  of  macrophytes  and  phytoplankton  from  plant  infested 
waters  but  phytoplankton  populations  quickly  recover  and  produce 
positive  oxygen  budgets  (Strange  and  Schreck  1976).  Rapid 

recovery  of  phytoplankton  did  not  occur  in  this  study  and  oxygen 
levels  were  negative  until  December  of  1975. 

The  stomachs  of  fewer  fish  contained  waterweed  buds  after 
treatment  than  before  treatment.  Most  of  the  waterweed  buds 
taken  before  treatment  contained  shore  flies  (Hydrel 1 i a  Robineau- 
Desvoidy),  and  it  is  possible  that  the  buds  mi ght  have  been 
ingested  incidentally.  If  the  El  odea  buds  proper  were 

preferentially  selected  as  a  food  source,  then  treatment  affected 
a  major  shift  in  food  habits.  If  the  El  odea  was  a  secondary  food 
item  taken  as  the  fish  searched  for  insects  or  crustaceans  in  the 
weed  bed,  then  treatment  may  have  increased  predation  on  these 
food  items.  The  presence  of  waterweed  buds  in  the  stomachs  of 
sunfishes  has  been  documented  by  several  authors  at  widely 
separated  locations  (Dill  1944;  Swingle  1949;  Huish  1958).  In 
addition  to  these  differences,  there  was  also  a  shift  in  types  of 
foods  taken  between  1974  and  1975.  There  was  no  differences  in 
condition  factors  of  fish  or  population  structure  before  and 
after  treatment. 
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Table  2.  Frequency  of  occurrence 
of  53  pre-and  56  post-treatment 

(%)  stomach 
sunf i sh. 

contents 

Organi sm 

Pre 

Post 

Animal  Material 

Aphidae 

2 

14 

Berosus 

2 

0 

Caeni s 

11 

0 

Campel oma 

26 

11 

Centroptil urn 

2 

0 

Chi ronomus 

2 

0 

Cricotopus 

2 

21 

Cryptochi  ronomus 

2 

0 

Endochi ronomous 

11 

4 

Erythemis  simpl  i  ci  col  li  s 

4 

0 

Glyptotendi pes 

6 

2 

Hel i soma 

21 

4 

Hydrel  1  i  a 

2 

2 

Ischnura  perparva 

30 

0 

Mesovelia  mulsanti 

0 

2 

Pachydiplax  longipennis 

2 

0 

Paratanytarsus 

2 

7 

Procladi us 

0 

4 

Spaniotoma 

0 

20 

Plant  Material 

El  odea  nuttal 1 i i 

96 

0 

The  data  collected  in  this  study  document  that  the  same 
general  changes  occurred  in  a  small  pond  following  treatment  with 
endothal  and  diquat  that  have  previously  been  reported  for  micro¬ 
cosm  studies  and  during  treatment  of  a  large  potable  water  supply 
(Strange  1976,  Strange  and  Schreck  1976,  Schreck  1982).  They 
also  lead  to  the  conclusion  that  control  of  vegetation  in  this 
pond  with  these  herbicides  would  require  at  least  annual  applica¬ 
tion. 


LITERATURE  CITED 

American  Public  Health  Association,  American  Water  Works  Associa¬ 
tion,  and  Water  Pollution  Control  Federation.  1971.  Stand- 


18 


THE  VIRGINIA  JOURNAL  OF  SCIENCE 


ard  methods  for  the  examination  of  water  and  waste  water. 
13th  ed.  APHA,  New  York,  N.Y.  874  pp. 

Boyd,  C.  1971.  The  limnological  role  of  aquatic  macrophytes  and 
their  relationship  to  reservoir  management.  Pages  153-167 
in  6.  Hall,  ed.  Reservoir  fisheries  and  limnology.  Am. 
FTsh.  Soc.,  Washington,  D.  C. 

Dill,  W.  A.  1944.  The  fishery  of  the  lower  Colorado  River. 
Calif.  Fish  Game  30:109-121. 

Huish,  M.  T.  1958.  Food  habits  of  three  Centrarchidae  in  Lake 
George,  Florida.  Proc.  Annu.  Conf.  Southeast.  Assoc.  Game 
Fish  Comm.  11:293-302. 

Jewell,  W.  1971.  Aquatic  weed  decay:  dissolved  oxygen  utiliza¬ 
tion  and  nitrogen  and  phosphorus  regeneration.  Water 
Pollut.  Control  Fed.  43:1457. 

McConnell,  W.  1962.  Productivity  relations  in  carboy  micro¬ 
cosms.  Limnol.  Oceanogr.  4:1-10. 

Nichols,  D. ,  and  D.  Keeney.  1973.  Nitrogen  and  phosphorus 
release  from  decaying  water  milfoil.  Hydrobi ol ogi a  42:509- 
525. 

Schreck,  C.  B.  1982.  Aquatic  weed  control  in  a  potable  water 
reservoir.  _In_  E.  0.  Ganstad,  ed.  Weed  Control  Methods  for 
Recreation  Facilities  Management.  Boca  Raton,  Florida,  pp. 
107-214. 

Schreck,  C.  B.,  C.  Berry,  R.  Strange,  S.  Van  Horn,  and  R. 
Corning.  1974.  Aquatic  plant  control  using  herbicides  in  a 
large  potable  water  supply  reservoir:  I.  Proximate 

results.  Pages  61-71  i_n  Proc.  of  Research  Planning  Conf.  of 
Integrated  Systems  of  Aquatic  Plant  Contr. ,  Oct.  19-20,  1973 
(U.S.  Army  Eng.  Waterways  Exp.  Station,  Vicksburg,  Miss.). 

Strange,  R.  J.  1976.  Nutrient  release  and  community  metabolism 
following  application  of  herbicide  to  macrophytes  in  micro¬ 
cosms.  Journal  of  Applied  Ecology  13:889-897. 

Strange,  R.  J.,  and  C.  B.  Schreck.  1976.  Response  of  aerobic 
communit  metabolism  to  chemical  treatment  of  aquatic  macro¬ 
phytes.  Journal  Aquatic  Plant  Management  14:45-50. 

Swingle,  H.  S.  1949.  Experiments  with  combinations  of  large- 
mouth  blacof  bluegills,  and  minnows  in  ponds.  Trans.  Am. 
Fish.  Soc.  76:46-62. 

Walker,  C.  1963.  Endothal 1  derivatives  as  aquatic  herbicides  in 
fishery  habitats.  Weeds  11:226-232. 

Welch,  H.  1968.  Use  of  modified  diurnal  curves  for  the  measure¬ 
ment  of  metabolism  in  standing  water.  Limnol.  Oceanogr. 
13:679-687. 


Virginia  Journal  of  Science 
Volume  38,  Number  1 
Spring  1987 


Northern  Corn  Rootworm  Damage  Evaluations 
In  Western  Virginia 


James  E.  Roberts,  Sr.  and  M.  A.  Saluta 


Department  of  Entomology 
Virginia  Polytechnic  Institute  and  State  University 
Blacksburg,  Virginia  24061 


ABSTRACT 

Nine  field  trials  were  conducted  in  field  corn  grown  in 
Bedford,  Montgomery,  and  Rockbridge  Counties  of  Western  Virginia 
during  1978-82  to  determine  the  effectiveness  of  selected  soil 
insecticides  in  controlling  the  larvae  of  northern  corn  rootworm, 
Diabrotica  lonqicornis  (Say)  (Coleoptera:  Chrysomelidae) .  The 
root  samples  that  were  evaluated  in  these  trials  were  found  to 
have  negligible  larval  feeding  damage  and  the  analyses  indicated 
no  significant  differences  between  treated  and  untreated  plots. 


INTRODUCTION 

A  planting  time  application  of  soil  insecticide  in  field 
corn  is  the  accepted  procedure  for  control  of  the  larvae  of 
northern  corn  rootworm,  Diabrotica  lonqicornis  (Say)  in  Western 
Virginia.  These  treatments  are  usually  applied  from  4  to  8  weeks 
prior  to  rootworm  egg  hatch  depending  on  the  year  and  geographic 
location  (Apple  et  al  1969)  .  The  rate  of  application  for  these 
insecticides  is  normally  1.2  kg  ai/H.  Soil  insecticides  are 
similarly  recommended  in  Virginia  to  control  other  insects 
affecting  field  corn,  such  as  European  corn  borers,  armyworms, 
and  cutworms . 

Recently,  numerous  field  corn  producers  in  Western  Virginia 
have  reported  instances  of  such  insect  related  crop  injury  as 
plant  lodging,  reduced  yields,  and  large  numbers  of  adult 
northern  corn  rootworms  feeding  on  the  silk  of  plants.  The 
purpose  of  this  study  was  to  determine  the  extent  of  damage 
caused  by  natural  populations  of  rootworm  larvae  and  to  ascertain 
whether  corn  rootworms  are  actually  an  economic  problem  of  field 
corn  production  in  Western  Virginia 


MATERIALS  AND  METHODS 

Beginning  in  1978,  nine  tests  were  conducted  in  Bedford, 
Montgomery,  and  Rockbridge  Counties  to  evaluate  planting  time 
applications  of  selected  soil  insecticides  (Table  1)  in 
controlling  northern  corn  rootworm  larvae.  The  experiments  were 
located  in  fields  with  no  history  of  soil  insecticide  treatments 
and  with  reported  observations  of  rootworm  infestation,  such  as 
stalk  lodging  or  "goosenecking"  and  large  numbers  of  rootworm 
adults.  All  test  site  fields  had  been  planted  to  continuous  corn 
3  or  more  years.  Bedford  County  is  located  in  Virginia's  upper 
Piedmont.  Montgomery  and  Rockbridge  Counties  lie  in  the  Ridge  and 
Valley  physiographic  province.  The  soils  of  the  test  areas  are 
generally  of  the  loam  type.  These  localities  are  representative 
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Table  1.  -  Soil  insecticide  treatments  and  northern  corn  rootworm  damage  ratings,  1978-82. 


Rate  1978  1979  1980  1981  1912 

Insecticide  ai/ha  Application  TestA  TestB  TestC  TestA  TestB  TestC 

Amare*  20G  1.3kg  banded  —  —  —  —  1.10  — 

Counter*  15G  1.2kg  banded  —  1.49  2.30  2.04  —  —  —  —  1.05 

*  1.2kg  in-furrow  —  —  2.20  2.08  —  —  --  1.15 

*  1.8kg  banded  —  —  —  —  —  —  —  —  1.10 

*  2.4kg  banded  —  —  —  --  —  1.13  1.13  — 

Counter*  15GC  1.2kg  banded  —  1.42  2.10  2.17  —  —  —  — 

*  1.2kg  in-furrow  —  —  2.00  2.08 

Di-Syston*  15G  1.2kg  banded  —  1.46  —  —  —  — 

Dyfonate*  20F  1.2kg  banded  —  —  —  —  —  —  1.13  — 

Dyfonate*  15G  1.2kg  banded  —  1.21  —  —  —  —  —  — 

Dyfonate*  20G  1.2kg  banded  —  1.25  —  —  —  —  —  1.25  — 

Furadan*  10G  0.6kg  in-furrow  1.66  — 

■  0.9kg  banded  —  —  2.49  2.00 

*  0.9kg  in-furrow  —  —  —  2.0C  —  —  —  —  — 

■  1.2kg  banded  —  1.21 

*  1.5kg  banded  —  —  —  —  —  —  —  1.15 

*  1.8kg  banded  —  —  —  --  —  —  1.10 

Furadan*  15G  1.8kg  banded  —  —  —  —  —  —  —  1.08  — 

*  1.8kg  in-furrow  —  —  —  —  1.00  —  —  —  1.30 

*  2.4kg  banded  —  —  —  —  1.00 

Lorsban*  15G  1.0kg  banded  —  —  —  —  —  —  —  1.13  — 

*  1.2kg  banded  —  1.33  —  —  —  —  —  1.18  — 

Thimet*  15G  1.2kg  banded  —  1.25  2.00  2.00  — 

Thimet*  20G  1.2kg  banded  —  —  2.29 

*  1.4kg  banded  —  —  —  2.04  — 

Control  2.51  1.33  2.59  2.17  1.10  1.10  1.13  1.23  1.25 


•Analyses  of  variance  indicated  no  significant  differences  among  treatments  (P  >  0.05). 


of  the  200,000  acres  of  field  corn  grown  in  Western  Virginia. 
More  than  90%  of  this  corn  provides  silage  for  local  beef  and 
dairy  production. 

Locations  and  experimental  designs  of  individual  trials  were 
as  follows: 

1978,  Montgomery  Co.  -  Trojan  105A  corn  was  planted  no-till 
10  May.  Insecticides  were  applied  the  same  day  in  plots 
measuring  4  rows  (0.9  m  row  spacing)  15  m  long  (0.02  ha). 
Treatments  were  evaluated  11  July  by  sampling  24  root  masses  per 
plot. 

1980,  Rockbridge  Co.,  Test  A  -  Southern  States  840  corn  was 
planted  (conventional  tillage)  3  May.  Insecticides  were  applied 
6  May  in  plots  measuring  4  rows  (0.9  m  in  row  spacing)  15  m  long 
(0.02  ha).  Treatments  were  evaluated  7  July  by  sampling  6  root 
masses  per  plot. 


NORTHERN  CORN  ROOTWORM  DAMAGE  EVALUATIONS 
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1980,  Bedford  Co.,  Test  B  -  Pioneer  3368A  corn  was  planted 
no-till  6  May.  Insecticides  were  applied  7  and  9  May  in  plots 
measuring  4  rows  (0.9  m  row  spacing)  15  m  long  (0.02  ha). 
Treatments  were  evaluated  9  July  by  sampling  6  root  masses  per 
plot . 

1980,  Bedford  Co.,  Test  C  -  Pioneer  3147  corn  was  planted 
no-till  11  June.  Insecticides  were  applied  the  same  day  in  plots 
measuring  4  rows  (0.9  m  row  spacing)  15  m  long  (0.02  ha). 
Treatments  were  evaluated  11  August  by  sampling  6  root  masses  per 
plot . 

1981,  Bedford  Co.,  Test  A  -  Pioneer  3147  corn  was  planted 
(conventional  tillage)  24  April.  The  insecticide  was  applied  27 
April  in  plots  measuring  4  rows  (0.9  m  row  spacing)  15  m  long 
(0.02  ha).  The  treatment  was  evaluated  7  July  by  sampling  10 
root  masses  per  plot. 

1981,  Bedford  Co.,  Test  B  -  Pioneer  3147A  corn  was  planted 
(conventional  tillage)  29  April.  Insecticides  were  applied  1  May 
in  plots  measuring  4  rows  (0.9  m  row  spacing)  15  m  long  (0.02 
ha) .  Treatment  were  evaluated  15  July  by  sampling  10  root  masses 
per  plot. 

1981,  Montgomery  Co.,  Test  C  -  Trojan  TB  115  corn  was 
planted  no-till  8  May.  Insecticides  were  applied  the  same  day  in 
plots  measuring  4  rows  0.9  m  row  spacing)  15  m  long  (0.02  ha). 
Treatments  were  evaluated  30  June  by  sampling  10  root  masses  per 
plot . 

1982,  Montgomery  Co.  -  Trojan  1100  corn  was  planted  no-till 
29  May.  Insecticides  were  applied  the  same  day  in  plots 
measuring  4  rows  (0.9  row  spacing)  15  m  long  (0.02  Ha). 
Treatments  were  evaluated  30  August  by  sampling  5  root  masses  per 
plot . 

All  experiments  were  arranged  in  randomized  complete  block 
designs  with  4  replications.  Insecticides  were  applied  either 
in-furrow  or  in  a  18  cm  band  over  each  row,  followed  by  a  press 
wheel  or  light  incorporation  with  a  rate.  Root  mass  samples  were 
randomly  selected  from  the  2  center  rows  per  plot.  The  standard 
Iowa  root  damage  rating  (Hills  and  Peters  1971)  was  used  to 
evaluate  root  feeding  damage  in  all  tests  (1  =  no  visible  damage 
or  a  few  minor  feeding  scars  and  6  =  3  or  more  nodes  destroyed)  . 
Data  collected  from  all  studies  were  individually  calculated  as 
the  mean  damage  rating  per  treatment.  All  data  were  then 
subjected  to  analyses  of  variance  (p  =  0.05). 

RESULTS  AND  DISCUSSION 

Analyses  of  root  damage  rating  data  in  all  tests  indicated 
no  significant  differences  among  treated  and  untreated  plots 
(Table  1)  .  The  root  samples  in  all  trials  were  found  to  have 
negligible  feeding  damage  incurred  from  the  rootworm  larvae,  with 
none  exceeding  a  mean  rating  of  2.5.  These  data  suggest  that 
rootworm  larval  populations  in  the  fields  tested  were  well  below 
the  injury  threshold. 

The  consistent  absence  of  noticeable  feeding  damage  in  the 
treated  and  particularly  untreated  plots  would  suggest  that  corn 
rootworm  larvae  are  not  economically  injurious  to  field  corn  in 
these  areas  of  Western  Virginia.  Although  soil  insecticides  are 
commonly  used  here  to  control  other  insects,  such  as  true 
armyworm,  the  results  of  these  field  trials  connote  that  such 
applications  may  not  be  a  sound  investment  if  control  of  corn 
rootworm  larvae  is  the  sole  criterion  used  to  measure  value  of 
the  investment. 

No-till  corn  may  be  more  conducive  to  the  build-up  of  soil 
insects  in  that  soil  moisture  tends  to  be  more  constant  in  no¬ 
till  fields  than  in  fields  that  are  conventionally  tilled. 
However,  in  the  above  described  tests  no  appreciable  differences 
were  noted  between  rootworm  populations  in  no-till  versus 
conventionally  tilled  fields. 


22 


THE  VIRGINIA  JOURNAL  OF  SCIENCE 


The  lack  of  any  visible  differences  in  root  prunings  between 
treated  and  untreated  plots  would  indicate  that  the  measurement 
of  any  treatment  differences  in  yields  might  be  a  measurement  of 
something  other  than  the  effect  of  rootworm  damage.  For  this 
reason  yields  were  not  taken. 
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Unbaited  wooden  box  traps  often  are  used  effectively  for 
cottontails  ( Svlvilaqus  spp.)  (Huber  1962,  Baily  1969),  but 
seldom  for  other  species.  This  report  describes  the  capture  rate 
of  various  species  of  wildlife  captured  in  unbaited  wooden  box 
traps,  for  which  to  our  knowledge  no  published  accounts  exist. 

We  thank  W.  C.  Abernathy,  C.  P.  Gilchrist,  and  F.  G.  Payne 
for  help. 

METHODS 

The  study  was  conducted  in  1962  and  1963  on  Hog  Island  State 
Waterfowl  Refuge,  Surry  County,  Virginia,  in  the  James  River. 
Cultivated  fields  supplied  green  forage  and  grain  for  wintering 
Canada  geese  (Branta  canadensis)  .  The  fields  were  bordered  by 
habitable  rabbit  cover  generally  less  than  30  m  wide  at  any 
point,  bounded  either  by  ponds  or  the  James  River  shore.  In  an 
effort  to  capture  eastern  cottontail  rabbits  ( Svlvilaqus 
floridanus)  .  wooden  box  traps  (Mosby  1955  In  Day  et  al.  1980) 
were  placed  unbaited  60  m  apart  in  distinct  rabbit  trails  leading 
to  fields,  in  cover  next  to  fields,  with  doors  facing  field  so 


IContribution  of  the  Virginia  Cooperative  Wildlife  Research 
Unit  (supported  by  the  U.S.  Bureau  of  Sport  Fisheries  and 
Wildlife,  the  Virginia  Commission  of  Game  and  Inland  Fisheries, 
Virginia  Polytechnic  Institute  and  State  University,  the  Wildlife 
Management  Institute) . 

2Present  address:  College  of  Natural  Resources,  University 
of  Wisconsin-Stevens  Point,  Stevens  Point,  WI  54481. 

3Retired . 

4 Deceased . 


Table  I.  Species  captured  in  unbaited  wooden  box  traps  set  In  rabbit  trails  on  Hog  Island  State  Wildlife  Refuge,  Virginia,  1962  and  1963 
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that  traps  could  be  checked  from  a  vehicle  moving  along  the  field 
edge  (Payne  1975)  .  This  trap  is  described  as  effective  for 
animals  from  chipmunk  (Tamias  striatus)  to  small  raccoon  (Procvon 
lotor)  in  size  (Tabor  and  Cowan  1969) .  Some  rabbits  were  removed 
to  simulate  hunting  pressure,  and  some  opossums  (Didelphis 
virginianus)  to  reduce  waterfowl  predation.  Catch/effort  was 
calculated  (Nelson  and  Clark  1973). 


RESULTS  AND  DISCUSSION 

Ten  species  of  mammal  and  2  species  of  bird  were  trapped 
(Table  1) .  Capture  rates  were  highest  in  November.  Cottontails 
were  caught  most  often  partly  because  traps  were  placed  to 
capture  them.  Bait  would  not  improve  capture  rates  for 
cottontails  (huber  1962,  Bailey  1969),  and  perhaps  marsh  rabbits 
(S.  palustris)  which  are  at  the  northern  extreme  of  their  range 
(Payne  1975)  and  therefore  probably  at  low  density. 

Other  species  using  the  rabbit  trails,  especially  opossums, 
were  attracted  to  the  unbaited  wooden  box  traps  perhaps  as 
shelter  or  curiosity.  The  capture  rate  for  opossums  no  doubt 
would  be  higher,  but  2  6  were  removed  the  1st  year,  for  which 
recruitment  apparently  could  not  compensate  the  following  year. 
Capture  rates  for  opossums  were  relatively  high  the  1st  year, 
perhaps  partly  because  the  narrow  cover  strip  provided  limited 
opportunities  for  movement.  To  our  knowledge,  no  other  capture 
rates  for  opossums  have  been  published.  Under  similar 
conditions,  capture  rates  for  opossums  might  be  similar  for 
baited  or  unbaited  traps.  Fitch  and  Sandidge  (1953),  Sanderson 
(1961),  and  Llewellyn  and  Dale  (1964)  variously  used  meat  scraps, 
dog  food,  fish,  corn,  ground  horse  meat,  bacon  grease,  and 
commercial  raccoon  lure  as  bait  for  opossums,  with  dog  food 
apparently  best  (Sanderson  1961) ;  no  capture  rates  were 
presented. 

The  traps  are  too  small  for  raccoons;  the  1  caught  (Table  1) 
was  a  juvenile  which  completely  filled  the  trap  so  that  pushing 
in  the  door  to  release  it  was  difficult.  Ludwig  and  Davis  (1975) 
improved  this  trap  for  woodchucks  (Marmota  monax)  (not  present  on 
Hog  Island) .  Although  snowshoe  hares  (Lepus  americanus)  and 
eastern  cottontails  are  about  the  same  size,  the  senior  author 
modified  the  traps  for  snowshoe  hares  in  Newfoundland  because  the 
longer  hind  legs  of  the  hare  caused  the  back  to  hit  the  trap  door 
at  times,  releasing  it  prematurely.  He  also  nailed  metal  strips 
to  the  inside  edge  of  the  door  to  prevent  red  squirrels 
(Tamiasciurus  hudsonicus^  from  chewing  out.  Capture  rates  depend 
on  target  species,  sex,  age,  density,  trap  design,  trap  placement 
(i.e.,  number,  spacing),  habitat,  weather,  and  season  (Bailey 
1969) .  Results  indicate  that  many  species  of  wildlife  use  rabbit 
trails  and  enter  the  unbaited  wooden  box  trap  placed  in  trails 
with  door  facing  field.  The  trap  is  heavy,  but  inexpensive  and 
effective  baited  or  unbaited,  depending  on  target  species  and 
location . 
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Inhibition  of  Pineus  floccus  Colonization  by 
Volatile  Compounds  found  in  Leaf  Tissue  of  Red  Spruce 

Harvey  J.  Alexander 


ABSTRACT 


Pineus  floccus  Patch  (Homoptera:  Adelgidae)  attacks  red  spruce  (Picea 
rubens  Sargent)  buds  in  the  spring  and  causes  them  to  form  galls.  A  chem¬ 
ical  analysis  of  the  terpenoid  volatiles  within  leaf  tissue  revealed  that 
trees  which  became  infested  with  _P.  floccus  had  relatively  low  amounts  of 
camphor  and  santene.  Within  the  infested  trees  no  correlations  could  be 
found  between  terpenoids  and  insect  infestation  levels.  ADDITIONAL  KEY 
WORDS;  Adelgidae,  Picea ,  monoterpenes ,  resistance,  colonization. 

INTRODUCTION 

Pineus  floccus  Patch  (Homoptera:  Adelgidae)  is  an  aphid  which  forms 
large  conspicuous  galls  on  its  primary  host,  red  spruce  (Picea  rubens 
Sargent  These  may  be  terminal  or  lateral  bud  galls  and  are  usually  formed 
in  the  upper  regions  of  the  trees.  Although  these  insects  are  rarely,  if 
ever,  responsible  for  tree  death  they  can  severely  retard  growth  and  devel¬ 
opment  (Walton,  1980;  personal  observation). 

Old  galls  remain  on  the  tree  for  several  years  and  it  is  evident  that 
some  trees  are  more  commonly  infested  than  others.  It  is  not  uncommon  to 
find  trees  covered  with  both  new  and  old  P.  floccus  galls  within  a  few 
meters  of  other  trees  which  have  no  or  very  few  galls.  This  suggests  that 
there  is  considerable  intraspecific  variation  in  tree  defense  characteri¬ 
stics  . 


The  most  common  defense  mechanisms  possessed  by  conifers  appear  to  be 
leaf  oils  and  oleoresin  systems.  These  have  been  shown  to  be  effective 
against  a  variety  of  herbivorous  animals  (Cates  and  Alexander,  1982; 
Farentinos  et  al.,  1981;  Ikeda  et  al.,  1977).  Of  the  components  found  in 
spruce  (von  Rudloff,  1967,  1975)  I  hypothesized  that  monoterpenes  would  be 
the  most  effective  against  _P.  floccus  because  these  relatively  smalKC^H^ ) 
molecules  are  very  volatile.  Therefore,  even  if  these  insects  can  avoid 
coming  in  contact  with  resin  canals  by  inserting  their  stylets  between 
canals,  they  would  not  be  able  to  avoid  the  high  concentrations  of  resin 
vapors  released  into  the  galls.  Monoterpenes  appear  to  be  detrimental  to 
some  insects  (Wright  et  al.,  1979;  Coyne  and  Lott,  1976),  and  Smith  (1961) 
used  resin  vapors  to  show  that  bark  beetle  species  tolerated  oleoresin  com¬ 
ponents  of  host  trees  better  than  non-host  trees. 

The  life  history  of  P.  floccus  would  also  favor  this  type  of  defense  by 
the  host  (red  spruce).  This  aphid  species  must  leave  its  primary  host  each 
year  and  overwinter  on  its  secondary  host,  white  pine  (Pinus  strobus  L.). 
Each  spring  a  new  generation  of  aphids  must  seek  out  and  recolonize  the 
spruce  (see  Walton,  1980  for  a  detailed  life  history  description.)  This 
would  preclude  P.  floccus  from  adapting  to  individual  host  tree  defenses 
over  several  generations  as  described  by  Edmunds  and  Alsted  (1978)  for 
Nuculaspis  cali f ornica  (Coleman),  although  a  more  generalized  adaptation  to 
this  type  of  compound  is  still  quite  possible. 

In  this  study  I  attempted  to  discover  if  individual  red  spruce  which 
possessed  high  levels  of  terpenoids  were  less  likely  to  become  infested  with 
_P.  floccus  than  individuals  possessing  lower  levels  of  these  compounds. 
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MATERIALS  AND  METHODS 

This  study  was  made  in  and  at  the  edge  of  a  sphagnum  bog  called  the  Big 
Soft  Sleep,  located  approximately  4.5  kilometers  north  of  Mountain  Lake 
Biological  Station,  Giles  County,  Virginia.  All  laboratory  work  except 
chemical  analysis  was  done  at  the  station. 

During  the  summer  of  1983,  33  red  spruce  were  inspected  for  galls  and 

placed  into  one  of  the  following  groups:  a)  currently  infested,  b)  previ¬ 
ously  infested,  c)  never  infested.  Trees  within  the  first  group  had  active 
galls  with  live  insects.  The  second  category  consisted  of  trees  with  galls 
from  previous  years  but  no  live  insects  or  galls  which  appeared  to  have  been 
formed  that  year.  The  last  group  was  made  up  of  trees  which  had  no  galls  or 
other  signs  of  having  been  successfully  attacked  by  I/.  f loccus . 

All  trees  were  between  one  and  2.5  meters  tall.  Trees  under  lm  are 
rarely  infested  with  _P.  f loccus  and  I  could  not  conveniently  sample  the  tops 
of  trees  over  2.5m. 

As  soon  as  I  was  able  to  determine  if  a  tree  had  become  infested  (a  few 
days  after  budburst)  young  leaf  tissue  from  each  tree  was  frozen  on  dry  ice 
to  be  taken  to  George  Mason  University,  Fairfax,  Virginia  for  analysis.  A 
Pakard  437  gas  Chromatograph  with  a  flame  ionization  detector  was  used  to 
determine  the  amounts  of  terpenoids  within  these  samples.  The  column  was  10 
ft  X  2mm  ID  packed  with  GP^5%  SP-2100/0.1%  Sp-401  gn  100-120  Supelcoport. 
Initial  temperature  was  75  C  increased  to  175  C  @  4  C/min  with  a  two  minute 
initial  hold  and  a  ten  minute  final  hold.  An  internal  standard  of  camphene 
was  used  to  obtain  quantitative  results. 

In  mid  July,  just  before  _P.  f loccus  started  to  emerge,  red  spruce  twigs 
with  J?.  f loccus  galls  were  placed  in  bottles  of  water  at  the  base  of  two 
white  pines  located  on  the  station.  Each  plant  was  then  covered  with  two 
thicknesses  of  white  cheesecloth  supported  by  a  wire  frame.  This  method  has 
been  used  by  Walton  (1980)  to  keep  _P.  f loccus .  Ten  preselected  branches 
from  each  tree  were  exposed  to  the  aphids  by  placing  infected  pine  twigs 
next  to  the  spruce  branches  and  enclosing  them  in  cheesecloth.  Later  in  the 
summer  infestation  levels  were  calculated  and  compared  to  the  predicted 
rankings . 

Three  methods  were  used  to  determine  infestation  levels:  a)  %  buds 

which  developed  into  galls,  b)  average  gall  length,  c)  estimated  number  of 
insects/estimated  leaf  biomass.  Since  each  gall  is  made  up  of  separate 
chambers  with  one  insect  per  chamber,  one  can  determine  the  number  of  in¬ 
sects  that  left  an  old  gall  by  counting  the  number  of  exit  holes  on  the 
gall.  The  number  of  exit  holes  on  old  galls  is  highly  correlated  with  gall 
length,  (fig.  1)  so  a  regression  equation  was  used  to  convert  the  relatively 
easy  to  obtain  gall  lengths  into  estimated  number  of  insects. 

Leaf  biomass  was  estimated  by  measuring  the  length  of  the  branches 
which  contained  needles.  Regression  equations  were  then  used  to  convert 
branch  length  into  dry  weight  biomass.  Any  part  of  the  branch  with  dead  or 
missing  needles  (usually  the  base)  was  not  included.  Within  sample  tests 
for  branch  height,  distance  from  bole  of  tree  and  sun  exposure  were  made  and 
significant  differences  between  trees  in  shade  (lower  biomass/branch  length) 
and  sun  were  found.  For  trees  in  sunlight  there  were  also  differences 
between  branches  at  the  top  (higher  biomass/branch  length)  and  bottom  parts 
of  the  trees.  This  is  probably  also  due  to  exposure  to  sunlight  since  the 
top  branches  tend  to  shade  the  lower  ones.  Thus  three  different  regression 
equations  were  used  to  convert  branch  length  into  estimated  leaf  biomass 
(fig  2). 

RESULTS 

Terpene  content  of  red  spruce  varied  widely  throughout  the  study  area. 
In  general  the  chemical  profiles  corresponded  well  with  those  observed  by 
von  RudLoff  (1975)  except  that  I  was  not  able  to  separate  some  of  the  less 


number  of  exit  holes 


INHIBITION  OF  PINEUS  FLOCCUS  COLONIZATION 


29 


Figure  1. 

Relationship  between  gall  length  and  the  number  of  exit  holes  found  in  galls 
after  all  aphids  had  left  the  galls.  (Y  =  5.02  +  .83X,  R2  =  .76) 


volatile  compounds  as  well  as  he  did.  The  major  components  are  listed  in 
Table  1  in  order  from  the  most  volatile  (santene)  to  the  least  (bornyl  ace¬ 
tate).  The  only  chemical  included  in  the  "others"  category  which  ever  com¬ 
posed  more  than  5%  of  the  total  was  beta-phellandrene  (eight  trees). 

These  data  were  subjected  to  a  one-way  multivariate  analysis  of  vari¬ 
ance  (MANOVA)  and  the  F  approximation  (3.36,  Hotelling-Lawley  trace)  was 
statistically  significant  (P<.002).  Of  the  terpenoids  analyzed,  santene  and 
camphor  were  significantly  different  between  groups  (Scheffe's  contrast 
method).  In  both  cases  the  lowest  levels  were  in  currently  infested  trees 
and  the  highest  levels  were  in  trees  that  had  no  evidence  of  aphid 
activity.  No  significant  linear  contrasts  among  the  population  means  could 
be  found  by  post  hoc  criteria.  Within  the  infested  tree  group  no  relation¬ 
ship  could  be  found  between  infestation  levels  and  the  chemical  contents  of 
the  foliage 

These  data  were  then  used  to  predict  tree  susceptibility.  The  five 
trees  were  chosen  so  as  to  represent  a  wide  range  of  chemical  characteris¬ 
tics  and  were  exposed  to  infestation  as  described  in  methods.  Tree  one  had 
levels  of  santene  and  camphor  higher  than  that  found  in  any  infested  tree. 
Tree  two  had  santene  and  camphene  levels  which  were  at  the  high  end  of  the 
infested  tree  range.  Tree  three  had  santene  at  low  levels  and  camphor  at  a 
level  similar  to  Tree  two.  Tree  four  had  santene  levels  comparable  to  Tree 
two  and  low  camphor  levels.  Tree  five  had  low  levels  of  both  santene  and 
camphor.  Unfortunately  the  infestation  levels  produced  by  this  method  were 
so  low  I  had  to  combine  all  the  data  within  each  tree. 
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Figure  2. 

Relationship  between  branch  length  (cm)  and  foliar  biomass  (g  dry  weight). 
Triangles  =  trees  in  shade  (Y  =  —  .39  +  .026X,  R2  =  .84).  Open  circles  = 
upper  branches  of  trees  in  sunlight  (Y  =  .341  +  .047X,  R2  =  .92).  Closed 
circles  —  lower  branches  of  trees  in  sunlight  (Y  =  .577  +  .043S,  42  =  .88). 


The  only  trees  which  became  infested  by  this  method  were  trees  four  and 
five.  Tree  three  had  a  number  of  deformed  buds  which  may  have  been  due  to 
unsuccessful  colonization  attempts  by  P.  floccus.  Compared  to  trees  with 
natural  populations  of  P.  floccus  ,  infestation  levels  were  low  (Table  2). 
They  were,  however,  the  two  trees  predicted  most  likely  to  be  infested. 

DISCUSSION 

Trees  with  high  terpene  levels,  especially  santene  and  camphor,  are 
less  likely  to  have  galls  formed  by  _P.  floccus .  Work  by  Hanover  (1966  and 
1971)  and  Squillace  (1971  and  1976)  show  that  monoterpene  content  and  rel¬ 
ative  amounts  in  a  tree  are  genetically  controlled  and  show  little  variation 
over  time.  However  environmental  factors  such  as  water  loss  and  other 
stresses  can  cause  changes  in  the  amounts  of  monoterpenes  present  within 
pines  (Cates  and  Alexander,  1982;  Hodges  and  Lorio,  1975)  and  spruce 
(Alexander,  in  progress). 

It  is  unlikely  that  all  terpenoids  are  detrimental  to  P.  floccus. 
This  insect  species  is  host  specific  and  probably  has  detoxification 
mechanisms  which  are  capable  of  handling  most  of  the  chemicals  found  in 


Table  1.  Terpenoid  content  (*-g  terpenoid/g  leaf  tissue)  of  red  spruce  grouped  according  to  infestation 
by  P.  floccus. 
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spruce.  They  do  not  prefer  sick  or  dying  trees  which  would  likely  have 
lower  terpenoid  levels.  Other  insects  which  are  host  specific  on  conifers 
such  as  bark  beetles  of  the  genus  Dendroctonus  utilize  monoterpenes  to  pro¬ 
duce  certain  pherraones  (Byers,  1983;  Renwick  and  Vite,  1970)  and  to  find  new 
host  trees  (Borden,  1982;  Wood,  1973).  It  would  not  be  surprising  to  dis¬ 
cover  that  _P.  f loccus  has  also  evolved  in  such  a  way  that  certain  chemicals 
made  by  spruce  are  necessary  for  the  successful  completion  of  their  life 
history  cycle.  However,  since  trees  which  produce  relatively  large  amounts 
of  santene  and  camphor  are  less  likely  to  be  infested  it  is  reasonable  to 
suppose  that  these  cheimcals  are  particularly  hard  for  P.  f loccus  to  tol¬ 
erate  or  detoxify.  Whether  these  aphids  have  a  mechanism  for  detecting  host 
suitability  or  not  is  a  question  not  adressed  by  this  paper.  Further  work 
is  needed  to  determine  how  terpenoids  affect  aphids  and  the  concentrations 
of  these  compounds  needed  to  confer  resistance. 

There  is  a  trend  (not  statistically  significant)  for  previously 
infested  trees  to  have  higher  chemical  levels  than  trees  which  have  never 
been  infested.  One  possible  explanation  is  that  exposure  to  the  insects 
could  increase  the  chemical  output  of  these  trees.  Induced  systems  such  as 
this  are  not  uncommon  within  the  conifers  (Esau,  1977;  Berryman,  1972).  It 
was  pointed  out  by  one  of  the  manuscript  reviewers  that  if  trees  can 
increase  their  terpenoid  content  in  response  to  aphid  attacks  then  the  den¬ 
sity  of  attacks  and  the  length  of  time  that  spruce  trees  show  an  increased 
terpenoid  content  could  be  important  in  determining  tree  susceptibility. 

My  inability  to  find  any  correlation  between  infestation  levels  and 
terpene  content  among  infested  trees  is  not  surprising.  McClure  (1980) 
showed  that  aphid  (elongate  hemlock  scale)  success  on  hemlock  was  positively 
affected  by  high  levels  of  foliar  nitrogen  and  water.  Assuming  a  spruce 
tree  has  acceptable  terpene  levels  these  factors  may  determine  infestation 
levels.  Insect  density  may  also  be  affected  by  things  other  than  tree  phys¬ 
iology  such  as  predation,  disease  and  the  ability  of  potential  colonizers  to 
find  or  reach  hosts.  Results  from  the  covered  trees  suggest  that  as  terpene 
levels  become  lower,  aphid  success  increases. 
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Abstract 

Public  awareness  of  issues  related  to  the  Chesapeake  Bay's  cleanup  program 
was  evaluated  in  the  Richmond,  Virginia  metropolitan  area  in  a  random  telephone 
survey  of  622  people  during  the  period  of  23  October  -  4  November,  1986. 
Over  77%  of  those  questioned  had  heard  of  the  cleanup  program,  indicating 
that  news  coverage  and  bay  organization  education  programs  have  been  effective. 
There  were  no  significant  differences  between  sexes,  but  a  significant 
difference  among  age  classes.  Fully  two-thirds  of  the  sample  supported  the 
proposed  ban  on  detergents  containing  phosphates,  although  a  substantial 
proportion  of  the  respondents  did  not  know  what  role  phosphates  played  in 
detergents.  Males  did  not  differ  from  females  in  responses  but  there  was  a 
significant  age  effect.  In  contrast  to  the  first  two  questions,  only  half  of 
the  respondents  favored  increased  local  taxes  for  improved  sewage  treatment. 
There  was  a  significant  difference  between  responses  of  males  and  females 
in  the  sample  of  those  who  had  heard  of  the  cleanup  program  but  not  in  the 
sample  of  those  who  had  not.  Age  had  less  of  an  effect  on  the  response  to 
this  question.  The  patterns  of  responses  are  evaluated  in  light  of  news 
events  before  and  during  the  survey. 


Introduction 

The  Chesapeake  Bay  estuary  has  received  considerable  attention  in 
recent  years  because  of  the  increased  recognition  of  its  economic  and  recre¬ 
ational  value  as  a  natural  resource.  Historical  changes  in  its  biological 
quality  has  been  documented  in  both  the  scientific  and  popular  literature 
for  wildlife  (Ohlendorf,  1981;  Rothschild,  et  al.,  1981;  Perry,  et  al., 
1981;  Hall,  1985;  Lippson,  1985) ,  aquatic  vegetation  (Orth  and  Moore,  1981, 
1983,  1984;  Davis,  1985;  Kahn  and  Kemp,  1985),  benthic  organisms  (Warner, 
1976;  Shabman  and  Vance,  1983;  Holland,  1985) ,  and  plankton  (Boynton,  et  al., 
1982;  Marshall  and  Lacouture,  1986)  .  Documentation  of  changes  in  the  chemical 
and  physical  quality  of  the  water  in  Chesapeake  Bay  reflect  our  awareness  of 
the  roles  and  affects  of  erosion  and  sedimentation  (Brush,  1984;  Kearney,  et 
al.,  1985;  Kunishi  and  Glotfelty,  1985),  toxic  metals  (diGiulio  and  Scanlon, 
1985;  Wright,  et  al.,  1985)  ,  pesticides  and  herbicides  (Goldfarb,  1978;  Fincham, 
1979;  Sanders,  1985),  sewage  and  water  quality  (DeMoss,  et  al.,  1981;  Capper, 
1983;  Faust,  1976) ,  agricultural  and  urban  runoff  (Correll  and  Ford,  1982) , 
just  to  name  a  few.  Indeed,  there  are  hundreds  of  papers  describing  and 
elucidating  the  many  aspects  of  the  Chesapeake  Bay's  structure  and  function, 
and  perturbations  to  it.  Scientific  studies  are,  of  course,  linked  to 
public  awareness  of  environmental  problems  through  funding  agencies. 

Public  awareness  of  environmental  problems  in  and  value  of  the  Chesapeake 
Bay  has  been  the  focus  of  a  number  of  state  and  national  organizations, 
including  the  U.S.  Environmental  Protection  Agency,  U.S.  Fish  and  Wildlife 
Service,  Chesapeake  Bay  Foundation,  Citizens  Program  for  Chesapeake  Bay,  and 
the  multi-state  Chesapeake  Bay  Commission,  to  name  a  few.  These  organizations 
have  assembled  a  wide  variety  of  pamphlets  and  documents  (e.g.,  U.S.  Environ- 
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mental  Protection  Agency,  1982;  Council  on  the  Environment,  1985,  1986) 
and  have  mounted  news  media  campaigns  to  increase  the  public's  awareness  of 
the  need  to  clean  up  the  bay.  How  effective  this  program  is  was  not  at  all 
obvious.  Thus,  a  telephone  survey  was  conducted  to  determine  the  effectiveness 
of  this  effort  in  the  local  metropolitan  area  (Richmond,  VA)  .  This  study 
was  concerned  with  the  public's  awareness  in  three  areas,  (1)  whether  they 
had  heard  of  the  plight  of  the  Chesapeake  Bay,  that  is,  was  the  news  outreach 
effective,  (2)  whether  they  supported  the  ban  on  detergents  containing 
phosphates,  and  (3)  would  they  support  increased  taxes  to  provide  improved 
sewage  treatment.  The  results  of  this  survey  should  be  useful  in  guiding 
future  efforts  in  public  education  of  the  Chesapeake  Bay's  environmental 
problems . 


Materials  and  Methods 

The  13  students  in  the  University  of  Richmond's  Environmental  Biology 
class  (9  females,  4  males)  contacted  622  people  during  the  period  of  23 
October  -  4  November,  1986.  Each  person  called  was  randomly  chosen  from  13 
individual  sections  of  the  Richmond,  VA  metropolitan  area  phone  book.  Each 
choice  was  made  blindly  per  page.  We  asked  each  respondent  three  questions: 
(1)  "Have  you  heard  of  the  cleanup  of  the  Chesapeake  Bay?",  (2)  "Would  you 
support  a  ban  on  household  detergents  containing  phosphates?",  and  (3) 
"Would  you  support  increased  local  taxes  to  improve  our  sewage  treatment?" 
In  addition,  we  recorded  the  sex  and  age  (in  ten  year  increments)  of  each 
person. 

Statistical  analysis  of  the  data  was  performed  on  a  VAX  11/785  computer 
using  SPSS  programs  (SPSS,  Inc.,  1986).  Because  assumptions  of  normality 
and  homogeneity  of  variances  could  not  be  met,  nonparametric  statistics  (Chi 
Square  and  Fisher's  Exact  Test  [FET])  were  used  to  evaluate  differences 
between  sexes  and  among  age  classes. 

Results 


Question  1. 

Results  for  the  total  sample  of  622  demonstrated  a  highly  significant 
difference  (Chi  Square  test,  Yr  =  188.045,  P  <  0.001)  between  those  who  had 
heard  of  the  cleanup  program  and  those  who  had  not  (Table  1) .  There  waa,  no 
significant  difference  in  the  responses  of  males  and  females  (FET,  = 
2.139,  P  =  0.1436).  The  differences  in  responses  among  age  classes  (Table 
2)  was  significant  (FET,  X  =  13.647,  P  =  0.0338).  People  in  older  age  classes 
tended  to  be  more  aware  than  those  in  younger  age  classes.  There  was2no 
significant  effect  of  caller  sex  on  responses  to  this  question  (FET,  X^  = 
2.529,  P  =  0.1118) . 

Question  2. 


Fully  two-thirds  of  the  people  called  were  in  favor  of  a  ban  on  phosphates 
in  detergents  (Table  1)  ,  although  a  large  percentage  (22%)  were  either  not 
aware  of  the  issue  or  did  not  know  what  their  position  was  at  the  time. 
Responses  of  males  and  females  were  nearly  identical  (Table  1)  and,  hence, 
insignificantly  different  (Xz  =  0.929,  P  =  0.6283) .  There  were  no  significant 
differences  between  sexes  for  those  who  had  heard  of  the  cleanup  program  (FET, 
X  =  2.106,  P  =  0.3489)  and  those  who  had  not  (FET,  YT  =  0.1167,  P  =  0.9433). 

Ape  of  the  respondent  had  a  significant  affect  on  responses  (Table  2; 
FET,  X^  =  33.993,  P  =  0.0007).  More  people  in  the  younger  age  classes 
favored  the  ban  on  phosphates  than  those  in  older  age  classes.  Sex  of  ±he 
caller  had  no  significant  effect  on  responses  to  Question  2  (FET,  a  = 
3.025,  P  =  0.2203) . 

Question  3. 


Fewer  people  were  in  favor  of  increased  taxes  for  improved  sewage 
treatment  than  supported  the  ban  on  phosphates  (Table  1)  .  Indeed,  nearly 
31%  were  definitely  not  in  favor  of  such  an  increase.  Those  responding  "no" 
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Table  1.  Results  of  the  Richmond,  Virginia  area  survey  on  public 
awareness  of  the  Chesapeake  Bay's  cleanup  program.  Sample 
sizes  are  total  =  622,  males  =  269,  females  =  353.  Numbers 
represent  percent  of  sample.  Refer  to  text  for  the 
questions. 


Sample 

"Yes" 

"No" 

"Don't  Know" 

Question  1 

total 

77.5 

22.5 

N/A 

males 

80.3 

19.7 

N/A 

females 

75.4 

24.6 

N/A 

Question  2 

total 

67.4 

10.5 

22.2 

males 

67.7 

11.5 

20.8 

females 

67.1 

9.6 

23.2 

Question  3 

total 

49.2 

30.9 

19.9 

males 

46.5 

37.2 

16.4 

females 

51.3 

26.1 

22.7 

Table  2.  Variation  in  responses  to  the  Chesapeake  Bay  cleanup  program  survey 
questions  by  age  class.  Age  is  in  years,  numbers  are  percents  of  the 
sample  size  given  in  the  last  line,  and  DN  is  "Don't  Know".  Refer  to 
text  for  questions. 


Age  Class 


Sample 

<20 

21-30 

31-40 

41-50 

51-60 

61-70 

>70 

Question  1 


Yes 

69 

69 

84 

79 

73 

82 

83 

NO 

31 

31 

16 

21 

27 

18 

17 

Question  2 

Yes 

50 

65 

76 

70 

61 

55 

77 

No 

47 

11 

8 

15 

15 

11 

0 

DN 

3 

24 

16 

15 

24 

34 

23 

Question  3 

Yes 

53 

55 

53 

44 

40 

44 

53 

No 

13 

25 

31 

38 

39 

27 

30 

DN 

34 

20 

16 

18 

21 

29 

17 

Sample  Size 

32 

125 

176 

123 

80 

55 

30 

38 
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Table  3.  Comparisons  of  responses  to  Question  3  (see  text)  between 
sexes  for  the  sample  of  people  who  had  heard  of  the 
Chesapeake  Bay's  cleanup  program  and  the  sample  of  those 
who  had  not  heard  of  the  program.  Each  number  is  the 
percent  of  the  sample  size  and  DN  is  "Don't  Know". 


Response 

Have  Heard 

of  Program 

Have  Not  Heard 

of  Program 

Males 

Females 

Males 

Females 

Yes 

49 

54 

38 

45 

No 

36 

24 

39 

31 

DN 

15 

22 

23 

24 

Sample  Size 

216 

266 

53 

87 

(192)  outnumbered  those  who  were  unsure  of  their  position  (124)  .  Despite 
these  differences,  fully  half  of  those  questioned  supported  the  improvement 
of  sewage  treatment.  Responses  between  males  and  females  were  significantly 
different  (FET,  YT  =  9.8693,  P  =  0.0072).  Fewer  males  than  females  were  in 
favor  of  increased  taxes  for  better  sewage  treatment  and  nearly  twice  as 
many  females  as  males  did  not  know  their  position  on  this  question  (Table 
1) .  There  was  a  significant  difference  between  sexes  (FET,  Xz  =  9.8337,  P  = 
0.0073)  in  the  sample  of  people  who  had  already  heard  of  the  cleanup  program 
(Table  3) .  However,  there  was  no  significant  difference  between  sexes  in 
the  sample  of  those  who  had  not  heard  of  the  program  (FET,  XZ  =  1.1329,  P  = 
0.5675).  More  females  than  males  in  the  former  sample  responded  "yes"  to 
this  question  and  more  were  unsure  of  their  position  (Table  3)  .  The  distribution 
of  responses  was  similar  for  males  and  females  in  the  latter  sample. 

The  sex  of  ±he  caller  had  a  significant  effect  on  the  response  to  this 
question  (FET,  X  =  16.366,  P  =  0.0003) .  Responses  of  males  who  knew  of  the 
cleanup ? program  were  significantly  different  when  analyzed  by  caller  sex 
(FET,  X  =  7.450,  P  =  0.0241).  Males  responded  "no"  to  males  more  often 
(49%  of  67)  than  to  females  (31%  of  149) ,  and  nearly  twice  the  proportion  of 
males  answered  "don't  know"  to  female  callers  (17%)  than  to  male  callers 
(9%)  .  In  contrast,  responses  were  not  significantly  different  for  females 
who  knew  of  the  program  (X^  =  2.7786,  P  =  0.2492)*  nor  for  people  (sexes 
combined)  who  did  not  know  of  the  cleanup  program  (X^  =  5.3788,  P  =  0.0679). 

Age  of  the  respondent  had  a  marginally  significant  effect  on  responses 
to  this  question  (FET,  X  =  20.754,  P  =  0.0541).  More  of  those  in  the 
youngest  age  class  were  unsure  of  their  response  than  in  most  other  age 
classes  and  more  people  older  than  20  years  of  age  were  not  supportive  of 
increased  local  taxes  for  better  sewage  treatment. 

Discussion 

The  results  of  this  local  survey  demonstrate  that  public  education 
programs  on  and  media  coverage  of  the  Chesapeake  Bay  are  effective  in  reaching 
the  majority  of  citizens  in  the  Richmond  area.  Media  coverage  of  state 
governmental  activities  related  to  the  cleanup  of  the  Chesapeake  Bay  might 
be  expected  to  be  higher  in  capitol  cities  such  as  Richmond  than  in  non-capitol 
cities.  Cities  actually  located  on  the  shores  of  the  Chesapeake  Bay  are 
more  likely  to  provide  media  coverage  of  local  events  related  to  the  bay 
than  cities  located  inland.  Results  of  surveys  such  as  this  would  be  expected 
to  vary  geographically.  Our  results  would  fall  between  those  of  similar 
surveys  taken  in  coastal  and  mountain  cities  and,  thus,  reflect  actual 
awareness  and  opinions  for  the  region. 

In  much  of  the  discussion  below  I  presume  most  of  the  public's  knowledge 
of  the  ecological  problems  in  the  Chesapeake  Bay  and  federal  and  state  clean 
up  efforts  has  been  accrued  since  the  media's  coverage  of  them  started. 
Seme  citizens  have  been  more  aware  of  the  problems  for  a  longer  period  of 
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time  than  others  and,  thus,  have  been  less  influenced  by  the  media.  I  do 
not  believe  this  has  strongly  influenced  the  survey  results,  however,  because 
of  the  random  selection  of  respondents  and  strength  of  the  trends. 

The  large  favorable  public  response  to  the  question  involving  the  ban 
on  phosphates  in  detergents  is  a  reflection  of  the  amount  of  recent  media 
coverage.  The  differences  in  responses  among  age  classes  may  be  a  function 
of  traditional  use  of  phosphate  detergents  in  the  older  age  classes  and  lack 
of  knowledge  of  the  reasons  for  the  proposed  ban.  Indeed,  the  most  frequent 
question  asked  of  the  callers  dealt  with  the  function  of  phosphates  in 
detergents.  Many  people  did  not  know  what  phosphates  did  for  detergents  and 
why  it  was  a  concern  in  the  bay.  This  may  have  had  some  affect  on  responses, 
but  many  who  asked  these  questions  said  they  favored  the  ban. 

Slightly  less  than  half  of  the  total  sample  called  favored  increased 
local  taxes  for  improved  sewage  treatment.  Most  people  were  concerned  about 
paying  higher  taxes,  especially  in  light  of  recent  changes  in  U.S.  tax 
structure.  This  may  have  caused  the  increase  in  the  sample  of  people  responding 
negatively  to  this  question.  Some  of  the  negative  responses  could  have  been 
biased  because  of  pre-call  opinions.  Comparisons  of  males  and  females 
who  had  heard  of  the  cleanup  program  versus  those  who  had  not  suggest  that 
males  have  stronger  opinions  on  taxes  than  females.  In  addition,  some  of 
the  negative  responses  were  due  to  an  apparent  propensity  of  males  to  respond 
this  way  more  often  to  male  callers  than  to  female  callers. 

Interpretation  of  the  results  of  this  survey  must  include  an  analysis 
of  news  media  coverage  of  recent  events.  Media  coverage  in  the  areas  of 
U.S.  tax  changes  and  environmental  issues  related  to  the  Chesapeake  Bay 
before  and  during  the  telephone  survey  affected  the  results  reported  in  this 
paper.  During  the  fall  of  1986  the  news  media  was  repleat  with  coverage  of 
passage  of  a  tax  reform  bill  in  the  U.S.  Congress  and  with  predictions  of 
higher  taxes  at  various  levels,  as  well  as  less  federal  support  for  state 
and  local  programs.  Several  articles  about  the  bay  appeared  in  local  Richmond 
newspapers  during  this  time  (e.g.,  Finefrock,  1986a,  c;  Sundquist,  1986c), 
as  well  as  in  national  magazines  (e.g.,  Taylor,  1986).  Media  announcements 
were  made  during  the  week  prior  to  a  two-day  program  on  "The  Dying  Bay: 
Challange  and  Response"  held  at  the  University  of  Richmond  October  10-11, 
1986.  Its  subsequent  coverage  in  local  newspapers  was  extensive  (Finefrock, 
1986b;  Sundquist,  1986a,  b) .  The  large  percentages  of  the  population  sampled 
who  had  heard  of  the  Chesapeake  Bay  cleanup  program  and  who  supported  the 
ban  on  phosphates  were  probably  higher  than  they  would  have  been  without 
such  media  coverage. 

In  summary,  the  results  of  this  survey  suggest  the  following  points. 
(1)  Most  of  the  population  in  the  Richmond,  Virginia  area  have  been  at  least 
made  aware  of  the  environmental  problems  in  the  Chesapeake  Bay  through  the 
news  media  and  bay  organizations'  outreach.  (2)  Most  of  the  population 
favor  the  ban  on  selling  detergents  containing  phosphates  in  Virginia.  (3) 
Chesapeake  Bay  organizations  should  seek  to  educate  the  public  on  the  role  of 
phosphate  in  detergents,  alternatives  to  it,  and  its  effects  on  the  Chesapeake 
Bay.  (4)  Half  of  the  population  favors  increased  local  taxes  to  improve 
sewage  treatment.  (5)  There  is  a  need  to  increase  citizen  awareness  of  the 
problems  associated  with  sewage  input  into  the  Chesapeake  Bay. 
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News  &  Notes 


First  Record  of  an  Alhinistic  Margined  Madtom  ( Noturus  insignis) 

by 

Ronald  Southwick  and  Mitchell  D.  Norman 
Virginia  Commission  of  Game  and  Inland  Fisheries 
P.O.  Box  11104 
Richmond,  Virginia  23230-1 104 


This  is  the  first  report  of  an  albinistic  Noturus  insignis 
(margined  madtom) ,  a  species  that  is  widespread  in  the  eastern 
United  States.  The  only  albinistic  madtoms  reported  are  Noturus 
gyrinus  from  Georgia  (Holder  and  Ramsey,  1972)  and  Nebraska 
(Stasiak  and  Evans,  1978).  Taylor  (1969)  did  not  give  a 
reference  to  albinism  in  the  genus  Noturus  in  his  extensive 
literature  review. 

A  albinistic  N.  insignis  was  collected  in  the  Nottoway 
River,  Nottoway  County,  Virginia  on  September  12,  1984.  The 

sampling  station  was  on  Route  625,  8  km  South  of  Burkeville, 

Virginia  on  the  Nottoway-Lunenburg  County  line. 

The  Nottoway  River  and  its  tributaries  were  extensively 
sampled  (82  sites)  by  the  Virginia  Commission  of  Game  and  Inland 
Fisheries  in  1982  and  1984.  Noturus  insignis  was  collected  at  37 
sample  sites,  of  which  96%  were  in  the  Piedmont  physiographic 
region.  Although  collected  extensively  in  the  Piedmont  and  upper 
Coastal  Plain,  N.  insignis  was  never  abundant;  generally  five  or 
less  specimens  were  collected  per  station.  Three  other  typically 
pigmented  N.  insignis  were  captured  at  the  collection  site  of  the 
albinistic  specimen. 

The  preserved  specimen  is  in  the  Roanoke  College,  Salem, 
Virginia  ichthyological  collection.  It  measured  84  mm  SL,  103  mm 
TL  and  weighed  16  g  (Figure)  .  The  body,  fins  and  barbels  were 
pale  yellowish  in  color,  with  darker  yellow  pigmentation  at  the 
bases  of  the  fins  and  along  the  lateral  line  in  the  anterior  half 
of  the  body.  Similar  coloration  was  noted  by  Holder  and  Ramsey 
(1972)  for  the  albinistic  N.  gyrinus . 

We  thank  Dr.  Robert  E.  Jenkins  and  Mr.  Noel  M.  Burkhead 
(Department  of  Biology,  Roanoke  College,  Salem,  Virginia)  for 
reviewing  the  paper  and  photographing  the  specimen. 
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JEFFRESS  RESEARCH  GRANT  AWARDS 


The  Allocations  Committee  of  the  Thomas  F.  and  Kate  Miller  Jeffress  Memorial 
Trust  has  announced  the  award  of  Jeffress  Research  Grants  to  the  institutions 
listed  below  to  support  the  research  of  the  investigator  whose  name  is  given. 
The  Jeffress  Trust,  established  in  1981  under  the  will  of  Robert  M.  Jeffress, 
a  business  executive  and  philanthropist  of  Richmond,  supports  research  in 
chemical  medical  and  other  natural  sciences  through  grants  to  non-profit 
research  and  educational  institutions  in  the  Commonwealth  of  Virginia.  The 
Jeffress  Research  Grants  being  announced  here  have  been  awarded  in  1986. 

The  Jeffress  Memorial  Trust  is  administered  by  Sovran  Bank,  N.A.  Additional 
information  about  the  program  of  the  Trust  may  be  obtained  by  writing  to: 
Advisor,  Thomas  F.  and  Kate  Miller  Jeffress  Memorial  Trust,  Trust  Department, 
Sovran  Bank,  N.A.,  P.  0.  Box  26903,  Richmond,  Virginia  23261. 

Mary  M.  Bechtold,  Hampton  University.  Research  to  Define  Protective 
Systems  against  Lipid  Peroxidation  in  the  American  Oyster.  $25,349 
(one  year). 

Louis  A.  Bloomfield,  University  of  Virginia.  Electron  Photoemission 
Studies  in  Atomic  Clusters.  $30,000  (two  years). 

Guy  L.  Clifton,  Virginia  Commonwealth  University.  Pharmacologic 
Protection  during  Global  Cerebral  Ischemia.  $25,000  (one  year). 

Philip  Gambel ,  Virginia  Commonwealth  University.  The  Role  of 
Monoclonal  Antibodies  in  Hemopoietic  Engraftment.  $10,000 
(one  year.) 

Eugene  M.  Gregory,  Virginia  Polytechnic  Institute  and  State 
University.  Structural  Studies  on  Bacteroides  Superoxide  Dismutase. 
$25,000  (one  year.) 

Joel  P.  Hockensmith,  University  of  Virginia.  Molecular  Contacts  and 
DNA.  $35,000  (one  year). 

P.  Jena,  B.  K.  Rao,  and  S.  Khanna,  Virginia  Commonwealth  University. 
Physics  of  Small  Atomic  Clusters.  $17,000  (one  year). 

Tappey  H.  Jones,  College  of  William  and  Mary.  Ant  Venom 
Alkaloids:  Stereochemical  Control  of  3,5-Dial kyl pyrrol izidines  via 
Reductive  Amination.  $34,400  (three  years). 

Denis  A.  Leong,  University  of  Virginia.  Molecular  and  Cellular 
Control  of  ACTH  Secretion.  $20,000  (one  year). 

F.  M.  Anne  McNabb,  University  of  Virginia.  Production  of 

Tri iodothyroni ne  by  Two  Pathways  of  5 1 -Monodeiodinase  Activity: 

Significance  to  Differential  Rates  of  Tissue  Growth  and  Development. 

$11  ,676  (one  year) . 

T.  Mohanakumar,  Virginia  Commonwealth  University.  Function  and 
Biochemistry  of  Human  IgG  FC  Receptors.  $25,000  (one  year). 

Raymond  F.  Morgan,  University  of  Virginia.  Effect  of  Perivascular 
Medications  and  Distal  Sympathectomy  on  the  Distal  Microcirculation. 
$20,000  (one  year) . 

William  H.  Myers,  University  of  Richmond.  Steric  Effects  in 
Amine-Borane  Chemistry.  $11,000  (one  year). 
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Karen  K.  Oates,  George  Mason  University.  Modulation  of  the  Human 
Breast  Cancer  Cell  Line  MCF-7  by  Thymosin  and  Anti -Thymosi n 
Antibodies:  Growth  Promoting  Effects  and  Antibody  Neutralization. 
$25,000  (one  year) . 

Ghulam  D.  Qureshi ,  Virginia  Commonwealth  University.  Regulation  of 
Fibrinogen  Synthesis  and  Secretion.  $15,000  (one  year). 

Jonathan  I.  Ravdin,  University  of  Virginia.  Development  of  Lectin 
Specific  DNA  Hybridization  Probes  for  Diagnosis  of  Intestinal 
Amebiasis.  $17,855  (one  year). 

Gary  W.  Rice,  College  of  William  and  Mary.  Development  and 
Application  of  Afterglow/Discharge  Systems  as  Element  Specific, 
Multielement  Detectors  for  Gas  Chromatography  and  Emission 
Spectroscopy.  $15,000  (one  year). 

Sarah  C.  Rutan,  Virginia  Commonwealth  University.  Mathematical 
Methods  for  Identification  and  Quantification  of  Species  in  Complex 
Mixtures  with  Thin  Layer  Chromatography  and  Fluorescence 
Spectroscopy .  $25,000  (two  years). 

Donald  D.  Shill ady ,  Virginia  Commonwealth  University.  Chemical 
Resource  Using  New  Computer  Hardware  (CRUNCH).  $24,826  (two  years). 

Milton  M.  Sholley,  Virginia  Commonwealth  University. 

Anti-angiogenic  Activity  of  Heparin  and  Corticosteroids:  Effects 
on  Cultured  Human  Endothelial  Cells.  $14,354  (one  year). 

Thomas  Wayne  Sturgill,  University  of  Virginia.  Purification  and 
Characteri zation  of  Insul in-stimul atabl e  Kinases  Phosphorol ating 
MAP-like  Proteins.  $25,000  (one  year). 

Ronald  P.  Taylor  and  William  M.  Sutherland,  University  of  Virginia. 
The  Biophysical  Chemistry  of  Complement  Receptor  Type  1  on  Human 
Erythrocytes .  $23,390  (one  year). 

Cynthia  S.  Weikel,  University  of  Virginia.  Pathogenesis  of 
Diarrhea:  Protein  Kinase  C  and  Secretagogues .  $18,000  (one  year). 
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A  SYMPOSIUM  ON  SPECIES  OF  SPECIAL  CONCERN  IN  VIRGINIA 

A  symposlim  Is  to  be  held  In  conjunction  with  the  Biology  Section  paper  session  at  the  May 
19-22,  1987  annual  meeting  of  the  Virginia  Academy  of  Science,  Old  Dominion  University, 
Norfolk,  Virginia.  This  Is  the  second  In  a  series  of  symposia  on  various  aspects  of  the 
biology  of  Invertebrates  and  vertebrates  In  Virginia. 

Participation  Is  open  to  anyone  conducting  research  on  Invertebrates  or  vertebrates  which 
may  need  special  help,  management  or  Intervention  by  htmans  In  order  to  Insure  their 
continued  existence  In  Virginia.  Emphasis  should  be  on  basic  research  --  technical  and 
baseline  data  --  on  these  species.  Research  In  areas  that  need  to  be  explored  Is  also 
applicable.  If  you  are  unsure  vrfiether  your  topic  Is  appropriate,  write  to  me  [Dr. 

Virginia  M.  (Tipton)  Dalton,  Department  of  Biology,  Radford  University,  Radford,  VA 
24142].  Assisting  with  organization  of  the  symposlim  are  Dr.  Richard  L.  Hoffman  and  Dr. 
Sally  Dennis  who  can  also  be  contacted  at  the  above  address. 

Deadline  for  submission  of  titles  Is  March  31.  1987.  Please  note  that  participants  In 
this  symposlim  are  requested  to  send  titles  to  me  (Glnny  Dalton,  Organizer  of  the 
Synposlun)  Instead  of  the  Biology  Section  secretary  as  Indicated  In  the  general  call  for 
papers.  I  will  arrange  the  presentation  order  and  send  the  package  to  Dr.  Robert  K.  Rose 
(Biology  secretary)  for  scheduling.  Submission  of  abstracts  should  follow  the  normal 
procedure;  by  about  May  1,  abstracts  are  to  be  sent  to  the  Biology  Section  Secretary 
(Dr.  Robert  K.  Rose,  Department  of  biology,  Old  Dominion  University,  Norfolk,  VA  23508.) 

Paper  presentation:  Papers  will  follow  the  standard  15  minute  format,  with  12  min. 
for  me  paper  ana  j  min.  for  questions.  Slide  projectors  will  be  provided. 

Publication  of  the  papers:  It  Is  expected  that  symposlim  papers  will  be  published  as 
4  4et  in  a  rortnccming  issue  of  the  Virginia  Journal  of  Science.  Each  contributor  to 
the  symposlun  Is  Invited  to  submit  a  manuscript  for  publication  of  her/his  presentation. 
Participation  In  the  symposlim  does  not  mean,  however,  that  you  must  also  submit  a  paper. 
This  Is  optional.  If  you  do,  you  must  follow  the  guidelines  that  will  be  sent  to  you 
after  siixnlsslon  of  your  title. 


SCHEDULE  AND  DEADLINES 


March  31,  1987:  Deadline  for  submission  of  titles  to  coordinator  (VMD) 

May  19-22,  1987:  Symposlim  and  Biology  session,  VAS  meeting,  Norfolk,  VA 

DEADLINE  FOR  RECEIPT  OF  MANUSCRIPTS  --  Bring  them  to  the  meeting. 

June-Sept.,  1987:  Editing  arri  revisions  of  manuscripts.  (Each  manuscript  will  be  reviewed 
by  at  least'  two  people.  This  is  to  Insure  accuracy,  not  to  be  overly 
critical .) 

late  -  1987:  Publication  In  V.J.S.  Vol.  37,  No.  4. 

Field  Trip 

May  23,  1987:  There  will  be  a  field  trip  to  the  Dismal  Swamp  and  the  Eastern  Shore  of 

Virginia  National  Wildlife  Refuge  on  this  Saturday,  May  23.  We  can  stay 
In  the  dorm  Friday  night  (for  the  overnight  fee)  and  leave  early  In  the 
morning.  Please  let  us  know  by  the  March  31  deadline  If  you  wish  to 
participate  In  this  field  trip  (a  sightseeing  tour).  Would  you  be  willing 
to  pitch  In  a  few  bucks  for  transportation? 
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Virginia  Academy  of  Science 
Fall  Council  Meeting 
University  of  Virginia 
November  9,  1986 


President  Murray  called  the  meeting  to  order  at  1:10  p.m.  in  Rufner  Hall. 
Members  present:  W.  Banks,  G.  Bass,  M.  Bass,  C.  Blair,  B.  Bruner,  A.  Burke, 

D.  Decker,  R.  Johnson,  J.  Murray,  A.  Penberthy,  V.  Remsburg,  G.  Sanzone,  P. 
Scanlon,  G.  Taylor,  E.  Thompson,  and  D.  Ulrich.  The  first  item  of  business 
was  the  President's  report  from  which  the  following  were  brought  forth  for 
Counc il  action. 

1.  The  1988  VAS  Annual  meeting  is  tentatively  scheduled  for  May  17-20  at  the 
University  of  Virginia.  Steve  Colucci,  who  will  serve  as  Chairman  of 
Local  Arrangements,  and  President  Murray  in  their  meeting  with  the 
University  of  Virginia  officials  have  discovered  the  scheduled  date  is 
prior  to  graduation  and  would  make  it  very  difficult,  although  not 
impossible,  to  hold  the  meeting  as  scheduled,  May  17-20.  The  University 
would  like  to  host  the  meeting  following  graduation  on  May  24-27.  The 
VAS  Executive  Committee  recommended  moving  the  meeting  dates  to  May  24- 
27,  1988.  A  motion  was  made  and  passed  unanimously  that  the  1988  VAS 
Annual  Meeting  be  held  May  24-27,  at  the  University  of  Virginia. 

2.  The  next  item  was  whether  the  Virginia  Academy  of  Science  would  lend  its 
support  to  a  case  before  the  U.  S.  Supreme  Court  by  joining  an  amicus 
curiae  brief  developed  by  54  Nobel  Prize  winners  and  16  state  academies 
on  the  side  of  plaintiff  to  have  the  Louisiana  Equal  Time  for  the 
Creationism  case  struck  down.  The  Exective  Committee  recommended  that 
the  VAS  join  the  brief  if  it  is  still  possible  at  this  late  date. 

Vera  Remsburg  moved  we  support  this  by  joining  the  brief.  The  motion 
was  seconded  and  passed  unanimously. 

3.  There  has  been  some  interest  by  local  science  groups  to  affiliate  in  some 
manner  with  the  VAS.  The  Executive  Committee  was  generally  in  favor  of 
this,  but  did  not  develop  a  mechanism  for  this  in  their  meeting  this 
morning.  President  Murray  recommended  that  this  matter  be  sent  to  the 
Long  Range  Planning  Committee  for  study  and  recommendation. 

The  fourth  item  of  the  President's  report  regarding  the  Financial 
Committee  of  the  VAS  was  postponed  until  later  in  the  meeting. 

President  Murray  honored  the  request  of  Vera  Remsburg  to  move  onto  the 
report  of  the  Awards  Committee.  The  Awards  Committee  has  completed  its 
work  except  for  nominees  for  the  I.  V.  F.  Lewis  Award  and  also  honorary 
life  membership  candidates.  A  written  report  of  the  Awards  Committee 
will  be  submitted  at  the  March  meeting. 

After  a  brief  discussion  between  Vera  Remsburg  and  Blanton  Bruner  con¬ 
cerning  membership  and  the  number  of  VAS  Fellows  that  are  allowed 
Mrs.  Remsburg  brought  up  the  idea  of  a  Fellows  Trust  with  Blanton  Bruner 
being  the  VAS  representative  to  handle  the  funds  accumulated.  Also,  the 
Fellows  would  select  a  representative  to  work  with  the  Finance 
committee.  Mrs.  Remsburg  requested  that  no  recommendation  or  action  be 
taken  regarding  this  idea  at  this  meeting.  More  information  regarding 
this  will  be  mailed  in  April  with  action  to  be  taken  at  the  May  meeting. 

Returning  to  Order  of  Business,  Past-President  Gerald  Bass  brought  up 
three  items.  He  reported  that  a  letter  was  sent  to  the  Governor  offering 
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the  services  of  the  VAS.  No  response  has  been  received.  Secondly,  the 
pending  grant  from  the  Gwathmey-Jef fers  Trust  was  approved  and  Dean 
Decker  has  received  a  check  for  seven  thousand  dollars  ($7,000.00). 
Thirdly,  the  nomination  of  Vera  Remsburg  to  the  Board  of  the  Science 
Museum  of  Virginia  for  a  five  year  term  was  approved  by  the  Governor. 

President  Murray  continued  with  items  from  the  Executive  Committee  Meet¬ 
ing. 

Dean  Decker,  Director  of  VJAS  reported  that  we  now  have  a  new  secretary 
working  both  with  the  VAS  and  VJAS.  The  financial  report  of  the  VJAS 
meeting  reported  a  slight  surplus  of  funds  overall. 

Blanton  Bruner  reported  on  a  couple  of  matters  in  the  Executive 
Committee  meeting.  First,  invoices  for  dues  will  be  mailed  very  soon. 

A  discussion  ensued  regarding  the  new  tax  laws  and  dues  for  professional 
organizations.  After  the  discussion  Arthur  Burke  moved  that  the  dues 
invoices  be  sent  out  as  they  are.  It  was  seconded  and  approved 
unanimously. 

The  second  item  from  the  Executive  Secretary-Treasurer  Report  regarded 
the  Virginians  for  Law  Reform  request  for  VAS  support  and  contribution 
of  two  hundred  and  fifty  dollars  ($250.00).  After  a  short  discussion, 
Arthur  Burke  made  a  motion  recommending  that  we  not  get  involved  by 
joining  this  organization  at  this  time  but  to  study  this  item  for  future 
action.  The  motion  was  seconded  and  passed  unanimously. 

Regarding  this  item,  Ann  Penberthy  urged  that  this  be  sent  to  a  committee 
for  further  study.  Blanton  Bruner  asked  for  guidance  regarding  the  VAS 
having  a  liability  insurance  policy.  Ertle  Thompson  reported  his  find¬ 
ings  that  only  three  academies  present  at  the  AAAS  meeting  had  liability 
insurance.  More  discussion  brought  out  the  idea  that  the  host  institu¬ 
tion  might  have  liability  insurance  to  cover  the  VAS  meeting  and  that 
we  should  inquire  about  this.  Gerald  Taylor  also  asked  if  the  Visiting 
Scientist  Program  should  be  covered  by  this  liability  policy.  Arthur 
Burke  suggested  that  Blanton  look  at  three  areas  regarding  insurance 
(1)  Annual  meeting,  (2)  Visiting  Scientist  Program,  and  (3)  coverage  of 
the  action  of  Council  and  its  officers  on  behalf  of  the  V AS.  More  dis¬ 
cussion  regarding  liability  in  the  classroom  continued  with  Ann  Penberthy 
suggesting  a  three-member  committee  to  give  input  to  the  Virginia 
legislation  regarding  this  matter.  President  Murray  said  that  he  would 
accept  the  responsibility  to  organize  a  group  that  would  get  information 
to  those  working  on  the  Tort  Reform. 

That  concluded  the  Executive  Committee  Report  and  President  Murray  asked 
Carvel  Blair  to  report  on  the  Local  Arrangement  Committee  (LAC)  progress 
for  the  1987  meeting  at  Old  Dominion  University  (0DU).  He  reported  that 
the  Holiday  Inn  Scope  would  be  the  headquarters  hotel  with  rooms  costing 
$45.00  plus  7%  tax  per  night  for  one  to  four  person  occupancy.  0DU 
housing  has  set  aside  rooms  for  the  VJAS  and  some  for  VAS  members. 

Arthur  Burke  and  Gerald  Bass  encouraged  the  idea  of  contacting  colleges 
and  universities  to  exhibit  at  the  VAS  meeting.  This  trend  is  occurring 
with  eight  schools  exhibiting  and  only  six  commercial  exhibitions  being 
at  James  Madison  University  (JMU)  in  1986. 

The  cost  of  exhibitors  was  brought  up  with  the  recommendation  that 
exhibitors  be  charged  $225.00  at  the  0DU  meeting.  However,  after  some 
discussion  it  was  moved,  seconded,  and  passed  that  the  charges  to 
exhibitors  for  the  1987  VAS  meeting  be  $200/exhibit. 

Arthur  Burke  moved  that  donors  selected  by  the  Executive  Committee  to  the 
VJAS/VAS  should  be  invited  to  exhibit  at  no  charge.  The  motion  was 
seconded  by  Ann  Penberthy  and  passed. 
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Carvel  Blair  concluded  his  report  with  a  request  for  $250.00  to  start 
VAS  account  in  the  ODU  Bursar's  office  for  VAS  expenses.  Blanton  Bruner 
said  that  he  and  Carvel  would  work  this  out.  A  meeting  for  February  1 
was  tentatively  set  for  the  Executive  Committee  to  visit  ODU  and  meet 
with  the  LAC. 

It  was  brought  up  that  Carvel  Blair  had  been  nominated  to  fill  an  opening 
on  the  Virginia  Marine  Resources  Commission.  Gerald  Bass  suggested  that 
President  Murray  write  a  letter  of  support  to  the  Governor  for  Carvel's 
appointment  to  the  Commission.  President  Murray  agreed  and  said  a  copy 
would  be  sent  to  Ertle  Thompson,  who  could  then  write  as  Chairman  of  the 
Science  Advisory  Committee. 

President  Murray  then  called  for  reports  from  the  Sections. 

The  only  Section  reporting  was  psychology  with  Ann  Penberthy.  She 
reported  that  the  Section  was  approached  by  the  Virginia  Psychological 
Foundation  to  apply  for  support  from  them  for  speakers  and  papers  . 

Hopefully  this  association  with  the  VAS  Section  will  lead  to  greater 
participation  in  VAS  programs. 

Ertle  Thompson  gave  his  report  as  the  AAAS  representative.  The  first 
item  was  a  name  change  of  NAAS  Section  X  from  General  to  Societal  Impact 
of  Science  and  Engineering  which  led  to  the  formation  of  Section  Y, 
General  Interest  in  Science  and  Engineering.  The  Virginia  Academy  of 
Science  will  now  be  listed  as  part  of  Section  Y  and  not  Section  X.  Ertle 
was  also  one  of  the  award  winners  at  the  NAAS  meeting.  He  also  reported 
with  great  pleasure  that  Dallas  Cocke  received  the  Distinguished  Service 
Award  of  the  NAAS  for  promoting  science  among  the  youth  of  the  nation. 

The  VAS  Council  was  delighted  with  this  news.  Ertle  also  reported  that 
Dean  Decker  had  been  elected  to  a  3  year  term  as  a  Director  of  the 
American  Junior  Academy  for  the  NAAS. 

The  report  of  the  Visiting  Scientist  Program  was  distributed  indicating 
that  the  directory  had  been  printed  and  distributed. 

President  Murray  then  asked  for  reports  from  standing  committees. 

1 .  Archives 

The  presidental  papers  of  Wisman  and  Cochran  have  been  received  for 
processing  at  the  Virginia  Tech  Library.  Mr. McMullen  also  said  that 
postage  cost  for  sending  material  to  the  1 ibrary  can  now  be 
reimbursed. 

2.  Awards  (reported  earlier  by  Vera  Remsburg) 

3.  Constitution  and  By  Laws 

Dean  Decker  reporting  for  Jim  Midyette  said  that  he  thought  that  an 
up-to-date  copy  of  the  Constitution  and  By  Laws  should  be  in  the 
January  edition  of  the  Virginia  Journal  of  Science. 

Ann  Penberthy  suggested  that  the  issue  of  increasing  the  life 
membership  fee  be  sent  to  a  committee  for  study.  In  response 
President  Murray  assigned  the  task  to  the  Membership  Committee. 

4.  Finance  and  Endowment 


Arthur  Burke  introduced  the  budget  with  explanations  of  the 
Finance  Committee  responsibilities.  He  pointed  out  some  shifts  in 
income  and ^expenses.  He  projects  that  there  might  be  a  decrease  in 
VAS  income,  but  that  the  VJAS  will  probably  remain  about  the  same. 
The  predicted  receipts  for  operating  in  1987  fits  in  at  $2,400.00 
under  what  was  allocated  for  1986,  although  the  books  aren't  closed 
on  1986. 
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The  drop  in  income  from  dues  from  the  VJAS  is  based  on  the  response 
from  the  schools  with  science  clubs  who  have  been  over  subscribing 
to  membership  cards  from  Dean  Decker.  With  the  new  dues  structure 
there  is  a  fee  of  $1.00  for  the  student  membership  and  the  over¬ 
subscription  has  decreased.  There  is  a  return  to  reality.  Blanton 
predicted  a  drop  in  VAS  members  with  the  figures  he  has  now.  He 
said  he  is  making  a  pessimistic  estimate,  but  when  all  of  the  dues 
are  in  we  will  have  a  clearer  picture. 

Proceeding  to  the  disbursements,  these  were  shown  to  exceed 
receipts.  One  line  item  added  was  for  repair  of  Academy  equipment. 
Another  item  was  written  under  the  general  expenses  category  and 
listed  as  Academy  Committees  Communications.  This  would  embrace 
non-funded  committees  to  allow  them  to  make  a  request  of  up  to 
$25.00  to  cover  such  items  as  phone  calls,  postage,  etc.  Funds 
could  be  obtained  by  making  a  written  request  to  the  Executive 
Secretary-Treasurer  with  documented  expenses.  These  funds  would 
also  be  available  to  the  Academy  Fellows,  as  a  group  but  not  as 
individuals.  This  is  for  standing  and  ad  hoc  committees. 

Ann  Penberthy  brought  up  the  "coffee  for  Sections"  item  again  for 
discussion.  After  a  lengthy  discussion,  with  various  possibilities, 
a  motion  was  made  by  Art  Burke  that  Council  revoke  the  action  of 
Council  in  the  May  1986  meeting  regarding  the  coffee  issue.  The 
motion  was  passed  by  Council.  After  another  long  discussion,  Arthur 
Burke  made  the  motion  that  the  President's  contingency  fund  be 
expanded  to  the  President's  Fund  for  Contingency  and  Section 
Expenses  and  that  the  budget  be  expanded  to  $1,100.00.  The  motion 
was  seconded  and  passed.  The  budget  was  then  accepted  by  the 
Council . 


Continuing  the  Finance  Committee  report,  Arthur  Burke  moved  that 
each  committee  should  send  an  accounting  to  the  Executive  Secretary- 
Treasurer  listing  the  expenses  of  the  committee  incurred  by  the  end 
of  the  calender  year  if  not  previously  reported  in  the  course  of 
business.  The  motion  was  seconded  and  passed  by  Council. 


Another  recommendation  of  the  Finance  Committee  was  introduced  by 
Arthur  Burke.  With  the  understanding  of  the  Trust  Committee,  the 
Finance  Committee  recommended  to  Council  that  it  approve  the 
authorization  of  the  transfer  of  $40,000.00  from  funds  not 
presently  in  the  Trust  to  the  Trust  Committee  to  invest  at  its 
discretion  and  in  anticipation  of  better  yields  on  principle  with 
full  cognizance  of  some  increased  risk.  Further,  the  income  from 
this  be  reinvested  or  expended  at  recommendation  of  Finance  and 
Endowment  with  the  approval  of  Council,  but  not  to  be  used  for 
research.  In  addition,  the  in-house  accounting  of  these  funds  would 
remain  separate,  but  all  of  the  money  could  be  working  together  to 
make  more  money.  The  income  could  be  used  to  cover  general  expenses 
of  the  V AS  such  as  the  Negus  Lecture. 

After  a  short  recess  Council  resumed.  President  Murray  summarized, 
that  we  already  have  an  account  with  Anderson  and  Strudwick  which 
also  has  the  Bethel  High  School  account  and  other  award  funds.  The 
motion  would  take  the  $40,000.00,  plus  other  designated  funds,  and 
mingle  them  with  the  monies  already  there.  It  would  also  change 
the  name  of  the  Trust  Fund  to  produce  a  new  investment  account  where 
the  individual  funds  would  be  identified  by  accounting,  although  not 
by  account.  This  would  allow  income  to  be  transferred  for  the 
appropriate  use  at  the  proper  time.  This  would  be  separate  from 
the  Horsley  Trust  but  would  be  admini strered  by  the  same  firm.  The 
original  motion  of  Arthur  Burke  was  passed  by  Council. 

The  Trust  Committees  report  was  accepted  with  the  passing  of  the 
Burke  motion  above. 
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Dean  Decker  gave  the  VJAS  report.  One  item  brought  up  was  that  the 
Philadelphia  Academy  received  $140, 000/year  from  the  Pennsylvania 
government  to  support  the  Academy  activities.  Arthur  Burke  and 
Dale  Ulrich  recommended  that  Dean  Decker  go  for  Virginia  state  funds 
for  the  VJAS.  President  Murray  summarized  the  motion  by  stating 
that  the  Virginia  Academy  Council  encourages  the  VJAS  committee  to 
pursue  funding  from  the  state  to  support  the  activities  of  the  VJAS. 
The  motion  was  seconded  and  passed  by  Council. 

Membership  -  Gerald  Bass  reported  for  Sarah  McCowen  by  showing  the 
new  VAS  brochure. 

There  was  no  report  from  Publications,  Research,  Science  Advisory 
Long  Range  Planning,  Virginia  Flora,  or  the  Business  Relations 
Committees . 

Science  Education  -  Arthur  Burke  reported  for  Virginia  Ellett  that 
the  Science  Teachers  meeting  in  Freder icksburg  was  very 
successful  with  over  600  attending  and  many  satisified 
exhibitors . 

The  meeting  adjourned  at  4:45  p.m. 


Respectfully  submitted, 


Michael  L.  Bass 
Secretary 


Thursday,  May  21,  1987  11:30  A.M. 
VAS  Academy  Conference 


VMNH 


The  Virginia  Museum  of  Natural  History:  A  Network  of  Research, 
Collections  and  Education 


All  members  of  V AS  are  invited  to  a  panel  discussion  of  the  VMNH  -  the  need  for 
it  in  the  state,  its  functions  and  future  objectives,  its  planned  branches  and 
affiliated  organizations  throughout  the  state,  its  research  and  collection  programs 
and  its  exhibit  and  education  programs. 

Chartered  July  25,  1984  the  VMNH  opened  to  the  public  on  June  2,  1985.  It 
operates  as  a  publicly  supported  non-profit  foundation  in  its  own  34,000  ft. 
renovated  building  on  a  2.9  acre  site  in  Martinsville.  The  Virginia  General 
Assembly  has  recently  passed  a  bill  establishing  a  study  of  the  VMNH  as  the  state 
museum  of  natural  history  and  to  recommend  funding  levels. 

If  you  or  your  institution  would  benefit  from  an  association  at  any  level  with  the 
VMNH,  if  you  would  like  to  have  input  in  planning,  or  if  you  have  interest  in 
learning  more  about  the  VMNH,  this  will  be  an  important  meeting  to  attend.  If  you 
find  it  impossible  to  attend  but  would  like  information,  you  may  contact  any 
member  of  the  VMNH  Scientific  Advisory  Board  throughout  the  state,  the  VPISU 
Museum  Planning  Committee,  or  the  Director  -  Dr.  Noel  T.  Boaz,  VMNH,  1001 
Douglas  Avenue,  Martinsville,  VA  24112,  703/632-4372,  -1930. 

VMNH  SCIENTIFIC  ADVISORY  BOARD 


Ray  Bernor,  Paleontology 

Howard  University/Smithsonian 
Jeff  Hantman,  Anthropology 
University  of  Virginia 
Richard  Hoffman,  Biology 
Radford  University 
Michael  Kosztarab,  Entomology 
VPISU 

Robert  Kretsinger,  Biology 
University  of  Virginia 
Gerald  Levy,  Geology 
Old  Dominion  University 


Don  Linzey,  Biology 
Blacksburg 

Howard  Mac  Cord,  Archaeology 
Richmond 

Ben  McCary,  Archaeology 
College  of  William  &  Mary 
Joseph  Mitchell,  Biology 
University  of  Richmond 
Robert  Weems,  Paleontology/Geology 
USGS,  Reston 


VPISU  MUSEUM  PLANNING  COMMITTEE 


Richard  K.  Bambach,  Geology 
Jack  A.  Cranford,  Biology, 

Susan  C.  Eriksson,  Geology 

Robert  H.  Giles,  Fisheries  &  Wildlife  Sciences 

Orson  K.  Miller,  Biology 


Duncan  M.  Porter,  Biology 
Mary  H.  Rhoades,  Entomology 
Stephen  E.  Scheckler,  Biology 
Thomas  Wieboldt,  Biology 
Michael  Kosztarab,  Entomology 
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Abstracts  of  Papers  Presented  at  the 
Sixty-fifth  Annual  Meeting,  Virginia  Academy  of  Science 
May  19-22,  1987,  James  Madison  University,  Harrisonburg,  Virginia 


Aeronautical  and  Aerospace  Sciences 


CALCULATION  OF  SUPERSONIC  FLOWS  OVER  A  BODY  OF  REVOLUTION  AT  ANGLES  OF 
ATTACK.  0.  Baysal  and  K.  Fouladi*,  Old  Dominion  University,  Norfolk,  VA 
23508.  The  objective  of  this  study  is  developing  a  computational  capability 
to  simulate  the  supersonic  flowfields  around  bodies  of  revolution  at  a  range 
of  attack  angles.  A  6.67-caliber  bl unt-nose-cyl inder  is  chosen  to  illustrate 
the  solution.  The  body  topology  and  the  outerfield  are  represented  by  an 
81x81x65  C-H  grid.  A  hybrid  upwind  relaxation/approximate  factorization 
method,  utilizing  multigrids  to  accelerate  convergence,  is  adopted  to  solve 
the  three  dimensional  Navier  Stokes  equations.  This  flux-split,  implicit, 
finite  volume  method  is  augmented  with  an  algebraic  turbulence  model  and  it  is 
vectorized.  Freestream  Mach  number  and  Reynolds  number  are  1.6  and  2.0E6  per 
foot,  respectively.  The  solutions  are  given  for  an  attack  angle  range  up  to 
44°.  The  oscillation  of  the  leeward  side  flow  at  high  attack  angles  is 
captured  through  time-accurate  computer  runs.  Comparisons  of  surface  pressure 
distributions,  and  crossflow  shock  patterns,  agree  with  experimental  test 
resul ts. 


TURBULENT  HIGH-SPEED  FLOW  OVER  A  THREE-DIMENSIONAL  REARWARD  FACING  STEP. 
0.  Baysal  and  S.  Srinivasan*,  Old  Dominion  Univ.,  Norfolk,  VA  23508.  The 
objective  of  this  study  Ti  the  analysis  of  the  third-dimension  effects  on  a 
separated  and  fluctuating  supersonic  flow,  experienced  in  infini tely-long  box- 
cavities,  and  in  the  combustor  region  of  a  supersonic  combustion  ramjet 
engine.  The  topology  and  the  outer  field  of  a  rearward  facing  step,  with  a 
width- to-height  ratio  of  12.7,  is  represented  by  an  optimized  rectangular 
81x45x21  grid  mesh.  The  step  has  a  vertical  side  wall  reaching  to  a 
horizontal  side  flat  plate.  The  upstream  Mach  number  and  Reynolds  number  of 
the  flow  are  1.5  and  2.0E6  per  foot,  respectively.  Three-dimensional 
Reynolds-averaged  Na vier-Stokes  equations  are  solved  by  the  explicit 
MacCormack  scheme.  The  code  is  vectorized  and  the  turbulence  is  algebraically 
modeled.  The  results  depict  the  variation  in  the  patterns  by  which,  the 
longitudinal  separation  fluctuates  and  reattaches,  with  the  distance  from  the 
centerplane  to  the  sidewall.  A  counter-rotating  eddy  develops  in  the  three- 
dimensional  corner.  The  differences  from  a  two-dimensional  analysis  are  also 
presented. 


SUPERSONIC  AIRCRAFT  CONCEPTUAL  DESIGN  USING  A  COMPUTER- ASSISTED  PROCESS. 
Vicki  S.  Johnson,  NASA  Langley  Research  Center,  Mail  Stop  412,  Hampton, 
Virginia  23665-5225.  A  computer-assisted  process  was  developed 
especially  for  rapid  conceptual  aircraft  design  and  the  study  of  the  effects 
of  different  levels  of  technology.  The  use  of  the  process  is  illustrated  by 
transforming  a  mission  definition  into  a  conceptual  interceptor  aircraft. 

The  mission  requirements  for  the  interceptor  are  a  cruise  Mach  number  of 
3.5,  a  mission  radius  of  1,000  nautical  miles,  and  an  internal  payload  of 
eight  Phoenix  missiles.  Results  from  the  study  showed  that  a  Mach  3.5 
standoff  interceptor  appears  to  be  feasible  with  the  advanced  technologies 
considered.  A  sensitivity  study  showed  that  technologies  affecting  the 
empty  weight  and  propulsion  system  would  be  critical  in  the  final  configura¬ 
tion  characteristics  with  aerodynamics  having  a  lesser  effect  for  small 
perturbations  around  the  baseline. 
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SHOCK  WAVE/BOUNDARY  LAYER  INTERACTIONS  IN  HIGH  SPEED  JUNCTION  FLOWS.  B. 
Lakshmanan*  and  S.  N.  Tiwari,  Dept,  of  Mech.  Engr.  &  Mechanics,  Old  Dominion 
Univ.,  Norfolk,  Va.  23508,  and  M.  Y.  Hussaini*,  ICASE,  NASA  Langley  Res. 
Center,  Hampton,  Va.  23665.  Shock  wave/boundary  layer  interactions  are 
investigated  in  3D  high-speed  juncture  flows.  A  vectorized  Navier-S tokes  code 
has  been  implemented  on  CYBER  205  for  solving  the  supersonic  laminar  and 
turbulent  flows  over  a  swept  fin/flat  plate  junction.  The  code  extends  the 
MacCormack's  predictor-corrector  finite  volume  scheme  to  a  generalized 
coordinate  system  in  a  locally  one-dimensional  time  split  fashion.  A 
systematic  parametric  study  is  conducted  to  examine  the  effect  of  fin  sweep  on 
the  computed  flow  field.  Calculated  results  for  the  pressure  distribution  are 
compared  with  available  experimental  measurements.  (Partially  supported  by 
the  NASA  Langley  Res.  Center  through  grant  NAS1-17993-03 . ) 


NUMERICAL  STUDY  OF  CHEMICALLY  REACTING  AND  RADIATING  SUPERSONIC  FLOW  IN 
CHANNELS.  M.  Mani*  and  S.  N.  Tiwari,  Dept,  of  Mech.  Engr.  &  Mechanics.,  Old 
Dominion  Univ.,  Norfolk,  Va.  23508,  and  J.  P.  Drummond  ,  Comp.  Methods  Br. , 
NASA  Langley  Res.  Center,  Hampton,  Va.  23665.  The  2D  spatially  elliptic 
Navier-S tokes  equations  are  used  to  investigate  the  chemically  reacting  and 
radiating  supersonic  flow  of  the  hydrogen-air  system  in  different  channels. 
The  chemistry  source  term  in  the  species  equation  is  treated  implicitly  to 
alleviate  the  stiffness  associated  with  fast  reactions.  The  tangent  slab 
approximation  is  employed  in  the  radiative  flux  formulation.  Results  obtained 
for  specific  conditions  indicate  that  the  radiative  interaction  can  have  a 
significant  influence  on  the  flow  field.  (Partially  supported  by  the  NASA 
Langley  Res.  Center  through  grant  NAG-1-363.) 

NAVIER-S TOKES  AND  EULER  SOLUTIONS  FOR  WING  LEESIDE  FLOWS  AT  SUPERSONIC 
SPEEDS.  _S_.  N_.  McMillin,  Supersonic/Hypersonic  Aerodynamics  Branch,  NASA 
Langley  Research  Center,  Mail  Stop  170,  Hampton,  Va.  23665.  A  series  of  flat 
sharp  leading  edge  delta  wings  was  tested  in  Langley  Unitary  Plan  Wind  Tunnel 
at  Mach  numbers  1.7,  2.0,  2.4  and  2.8  and  for  a  a  range  of  0°  to  20°.  The 
experimental  data  obtained  were  surface  pressures  and  vapor  screen 
photographs.  From  the  flow  visualization  data,  the  leeside  flows  were 
classified  into  seven  distinct  flow  types  dependent  upon  the  Mach  number  and 
angle  of  attack  normal  to  the  leading  edge.  Various  cases  were  selected  to 
determine  the  ability  of  a  Navier  Stokes  code  and  an  Euler  code  to  predict  the 
leading  edge  vortex  flows  found  experimentally.  The  results  showed  that  the 
Euler  method  successfully  predicted  the  formation  of  the  primary  leading  edge 
vortex  for  the  sharp  leading  edge  delta  wing  at  high  angle  of  attack,  but  that 
the  Navier-Stokes  code  is  required  to  predict  secondary  separation.  The 
Navier-Stokes  code  is  also  seen  to  predict  flow  structures  not  evident  in  the 
flow  visualization  data  indicating  a  need  for  quantitative  data  in  the  leeside 
flow  field. 


EFFECT  OF  ASYMMETRIC  BOUNDARY-LAYER  GROWTH  ON  VORTEX  SHEDDING  FROM  A  FLAT 
PLATE  IN  LOW-SPEED  FLOW.  Farid  Miandoab  and  Gregory  V.  Selby*,  Dept,  of 
Mechanical  Engr.  and  Mechanics,  Old  Dominion  Univ.,  Norfolk,  VA  23508. 
Shedding  of  vortices  from  the  trailing  edges  of  a  blunt  body  creates  a  region 
of  low  pressure  in  the  wake  that  contributes  to  the  total  drag  of  the  body. 
Efforts  to  suppress  the  vortex-shedding  process,  such  as  changing  the  geometry 
of  the  trailing  edges,  mass  injection  into  the  wake  or  using  a  splitter  plate, 
have  proven  to  be  useful  in  reducing  the  drag  of  a  flat  plate  with  blunt 
trailing  edge. 

A  series  of  tests  has  been  conducted  to  determine  the  effect  of 
asymmetric  boundary  layers  (on  the  sides  of  a  flat  plate)  on  vortex  shedding. 
Models  have  been  tested  in  the  Old  Dominion  University  Low-Speed  Wind  Tunnel 
up  to  speeds  of  100  m.p.h.  A  hot-wire  probe  was  used  to  determine  vortex 
shedding  frequencies  and  base  pressures  were  also  measured. 
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EXPERIMENTAL  STUDY  OF  AN  AXISYMMETRIC  TURBULENT  BOUNDARY  LAYER  PERTURBED  BY 
PERIODIC  FREESTREAM  CONDITIONS.  Chlth  K.  Puram*  &  Robert  L.  Ash*,  Dept,  of 
Mechanical  Engineering  and  Mechanics,  Old  Dominion  Univ. ,  Norfolk,  Va.  23508. 
A  low  speed  turbulent  boundary  layer  was  produced  on  an  axisymmetric  body  at 
zero  angle  of  attack  and  the  wake  of  a  windmilling  propeller  was  allowed  to 
interact  with  the  boundary  layer.  Mean  velocity  surveys  were  made  at 
different  streamwise  locations.  Tests  were  repeated  at  different  speeds, 
different  load  conditions  and  using  different  propellers.  Velocity  profiles 
just  behind  the  turbine  indicated  the  existence  of  an  array  of  vortices  which 
decayed  farther  downstream,  where  only  the  tip  and  root  vortices  were 
predominant.  Estimates  of  drag  were  made  to  examine  the  influence  of  a  wind 
turbine  (near  the  nose  of  the  fuselage)  on  the  body  drag. 


SURFACE  PRESSURE  PREDICTIONS  FOR  A  SUPERSONIC  AIRCRAFT  WITH  INLETS.  O.J.  Rose, 
Supv.  Aero.  Sci.  unit,  PRC/Kentron  (ATD),  303  Butler  Farm  Rd,  Suite  100, 
Hampton,  VA  23666.  Aerodynamic  wing  surface  pressure  predictions  using  a  non¬ 
linear  full  potential  method  (NCOREL)  and  comparisons  with  pressures  measured  in 
flight  for  the  F- 106  Supersonic  A/C  are  presented.  The  NCOREL  code  uses  an 
implicit  marching  scheme  which  marches  in  the  radial  direction  of  a  spherical 
coordinate  system  centered  on  the  configuration  apex.  Configurations  with 
bodies,  wings  and  inlets  can  be  treated.  Grid  generation  is  performed  automati¬ 
cally  for  each  marching  step  using  mappings  internal  to  the  code.  Predictions 
include  a  config.  having  fuselage/wing/inlets  as  well  as  wing  alone.  The  flight 
regime  considered  includes  Mach  1.4  and  1.7  and  angl es-of-attack  2.4,  2.7,  and 
5.9  deg.  These  conditions  are  representati ve  of  those  encountered  during  the 
supersonic  portion  of  the  flight  profile.  In  general,  results  show  good  agree¬ 
ment  between  theory  and  flight  measurements  in  the  critical  L.E.  region.  In 
particular,  the  locations  of  the  attachment  line  and  suction  peaks  are  well  pre¬ 
dicted,  as  are  the  pressure  magnitudes  in  the  vicinity  of  the  L.E.  (Supported 
by  Supersonic/Hypersonic  Aero.  Branch  of  NASA/LaRC,  Hampton,  VA). 


HISTORICAL  VIEW  OF  AIR  TRANSPORTATION.  M.  Leroy  Spearman,  NASA  Langley 
Research  Center,  Mail  Stop  412,  Hampton,  Virginia  23665-5225.  Dramatic 
developments  in  man's  quest  for  improved  means  of  transportation  have 
occured  with  the  airplane.  A  brief  historical  review  will  be  given  in  which 
the  goals  of  increased  efficiency,  higher  speeds,  greater  productivity,  and 
so  on  will  be  illustrated.  Much  progress  has  been  made,  yet  more  progress 
is  anticipated.  Areas  of  technology  that  will  be  mentioned  include  aero¬ 
dynamics,  propulsion,  structures,  and  avionics  with  the  implication  relative 
to  range,  volume,  speed,  affordability,  basing,  and  so  on.  Some  mention 
will  be  made  of  air  transportation  in  relation  to  other  means  of 
transportation . 
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ECONOMIC  IMPACT  OF  THE  ORANGE-STRIPED  OAKWORM  IN  NORFOLK,  VA.  M. 
A.  Cot f elt  and  P.  B.  Schultz,  Dept,  of  Entomology,  VPI  &  SU, 
Hampton  Roads  Agri.  Exp.  Stn.,  Virginia  Beach,  VA  23455. 

The  orange-striped  oakworm,  Anisota  senator ia  (J.  E.  Smith),  has 
become  a  major  pest  of  urban  oak  plantings  m  Norfolk,  VA  over 
the  past  six  years.  Costs  of  suppressing  A_.  senatoria  were 
obtained  from  municipal  records.  From  1981-1986,  total  costs 
(insecticide  +  labor)  have  increased  17X,  number  of  gallons 
sprayed  increased  13X,  and  number  of  acres  sprayed  increased 
400X.  The  mean  value  of  an  oak  tree  in  one  heavily  infested 
neighborhood  of  Norfolk  was  calculated  to  be  $5,131  (N=100). 
This  value  decreased  20%  with  A.  senatoria  feeding.  An  urban  IPM 
strategy  utilizing  biological  monitoring,  host  plant  resistance, 
and  biological  control  is  recommended  considering  the  high 
pesticide  use  and  the  great  aesthetic  and  monetary  value  of  urban 
trees . 


DETECTION  OF  SUSCEPTIBILITY/RESISTANCE  TO  AIRSACCULITIS  BY  SPECTROPHOTOMETRIC 
ANALYSIS  OF  BLOOD  PLASMA  OR  SERUM  FROM  POULTRY.  Germille  Colmano,  and  L.M. 
Evans,  Dept.  Vet  Biosci.,  W.B.  Gross*,  and  C.T.  Larsen*,  Dept,  of  Large  An. 
Clin.  Sci.  Coll.  Vet.  Med.,  VPI  &  SU,  Blacksburg,  VA,  24061.  The  data  presented 
used  the  absorption  spectra  of  chromophores  (colored  compounds)  present  in 
body  fluids.  A  digitized  scan  of  the  UV-VIS  absorbance  showed  three  major  groups 
of  proteins  with  peaks  at  190nm,  278nm,  and  414nm.  These  peaks,  representing 
pools  of  amino  acids,  described  respectively:  l)the  double  bond  of  proteins; 
2)the  aromatic  amino  acids  of  protein  (mainly  27:7:  1  of  tryptophan:  tyrosine: phe¬ 
nylalanine);  and  3)hemoproteins  from  erythrocytes  breakdown  (measured  as 
bilirubin,  corrected  for  hemoglobin).  High  and  low  antibodies  chickens  were 
separated  from  each  other  by  a  student's  t  test  (p=5xl0~^).  Also,  blood 
plasma  collected  before  injection  of  E.  coli,  was  used  to  separate  chickens 
which  would  develop  pericarditis,  from  those  which  will  develop  airsacculitis 
after  injection  (p=4xl0-^  for  student  t  test).  In  a  field  trial  chickens 
from  flocks  with  a  high  (2.53%)  air-sac  condemnation  rate  were  separated 
from  those  with  a  low  (0.07%)  rate  (p=2xl0“^  student  t  test).  [Partially 
supported  by  SE  Po.  &  Egg  Assoc,  and  Animal  Health  and  Dis.  Grants]. 


BONE  BENDING  AND  SHEAR  TESTS  FOR  DETERMINING  CALCIUM  AND  PHOSPHORUS  STATUS  OF 
PIGS  FROM  WEANING  TO  MARKET.  N.R.  Combs*,  E.T.  Kornegay,  J.P.  Mason,  D.R.  Notter* 
and  M.D.  Lindemann,  Depts.  of  Anim.  Sci.  and  Ag.  Eng.,  Va  Polytechnic  Inst. 

&  State  Univ.,  Blacksburg,  VA  24061.  Bending  and  shear  tests  were  compared 
in  three  serial  slaughter  trials  with  five  dietary  Ca-P  levels  fed  from  weaning 
to  market.  The  control  diet,  contained  100%  of  the  NRC-recommended  level  of 
Ca/P,  while  other  dietary  treatments  were  70,  85,  115  and  130%  of  the  control 
levels  of  dietary  Ca/P.  Slaughters  were  conducted  every  four  weeks  for  a  total 
of  five  time  periods.  Performance  of  pigs  fed  the  four  highest  levels  were 
not  different  while  performance  of  pigs  fed  the  lowest  dietary  level  was  less 
than  for  other  treatments  from  the  second  period  on.  Bending  tests  were  per¬ 
formed  on  the  third  metacarpal  (3C)  and  metatarsal  (3T)  bones  and  shear  was 
performed  on  the  4C  and  4T  bones.  Coefficients  of  variation  on  the  shear  meas¬ 
ures  were  consistently  smaller  than  the  bending  measures  in  all  three  trials. 
Correlations  between  the  bending  stress  values  were  modest  (r=.50,  PC.01),  while 
the  correlations  between  shear  stress  values  were  small  and  inconsistent  across 
trials.  Bending  stress  correlated  modestly  with  4C  stress  (r=.30,  P<.01)  but 
not  with  4T  stress.  These  results  suggest  that  shear  tests  of  the  4C  bone  may 
be  the  most  reliable  indicator  of  dietary  Ca-P  level  over  time. 
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RESTORATION  OF  AGRICULTURAL  PRODUCTIVITY  TO  SURFACE-MINED  SOIL.  Timothy  N. 

Dean ,  Dept,  of  Natural  Science,  Clinch  Valley  College  of  the  University  of  VA, 
Wise,  VA  24293,  Bret  A.  Wil 1 iams,*Dept.  of  Natural  Science,  Clinch  Valley 
College  of  the  University  of  VA,  Wise,  VA  24293,  Walter  C.  Crouse,  Dept,  of 
Natural  Science,  Clinch  Valley  College  of  the  University  of  VA ,  Wise,VA  24293. 
Surface  mining  of  coal  serves  as  the  economic  basis  of  several  counties  of  east¬ 
ern  Kentucky  and  southwestern  Virginia.  The  question  of  the  effects  of  surface¬ 
mining  on  the  overburdened  soils  removed  in  these  mining  operations  is  very  per¬ 
tinent  to  the  economic  redevelopment  of  these  areas.  A  quantitative  study  of 
several  factors  involved  in  soil  fertility  has  been  conducted.  Primary  to  this 
study  has  been  an  evaluation  of  the  quantities  of  lime,  organic  matter  and  fer¬ 
tilizer  required  for  optimum  agricultural  productivity.  The  leaching  of  the 
primary  plant  nutrients,  nitrogen,  phosphorus  and  potassium,  from  surface-mined 
soils  has  been  examined  also.  With  increased  application  rates  of  lime,  organic 
matter  and  fertilizer,  availability  of  the  primary  nutrients  for  plant  utiliza¬ 
tion  has  increased  proportional,  particularly  for  the  very  acidic  surface-mined 
soils.  The  leaching  of  potassium  from  fertilized,  surface-mined  soils  does  mea¬ 
surably  occur;  however,  that  of  nitrogen  (ammonia  form)  and  phosphorus  does  not 
occur  in  measurable  concentrations  for  the  conditions  examined  in  this  study. 

RESPONSE  OF  CONTAINER-GROWN  ORNAMENTALS  TO  POSTEMERGENCE  HERBICIDES.  Jeffrey 
F.  Derr ,  Dept.  Plant  Pathology,  Physiology  and  Weed  Science,  VA.  Polytechnic 
Inst.  and  State  Univ.,  Blacksburg,  VA  24061.  Safety  of  overtop  applications 
of  fluazifop,  fenoxaprop  and  bentazon  was  determined  in  ' Hinocrimson '  azalea, 
'Compacta'  holly,  and  'Green  Beauty'  boxwood.  No  injury  was  observed  at  0.18 
and  0.36  lb/A  of  an  emulsifiable  concentrate  formulation  of  fenoxaprop. 

Slight,  temporary  injury  to  holly  and  azalea  was  observed  with  a  water-based 
formulation  of  fenoxaprop  at  0.36  lb/A.  Fluazifop  at  0.156  lb/A  caused  30% 
injury  to  azalea  but  no  damage  was  seen  on  the  other  species.  Bentazon  at  1.0 
and  2.0  lb/A  damaged  all  these  species.  Injury  was  most  severe  on  holly,  with 
50%  injury  still  present  one  month  after  application.  All  rates  of  fenoxaprop 
and  fluazifop  provided  essentially  complete  control  of  large  crabgrass, 
although  injury  symptoms  appeared  sooner  in  fenoxaprop  treated  plants.  Benta¬ 
zon  provided  no  control  of  large  crabgrass.  In  a  separate  study,  two  rates  of 
sethoxydim  and  fluazifop  were  applied  to  five  azalea  cultivars.  No  injury  was 
observed  with  sethoxydim  at  0.5  and  2.0  lb/A  to  any  of  the  five  cultivars 
tested.  Fluazifop  at  1.0  lb/A  injured  'Delaware  Valley  White'  and  'Hinocrim¬ 
son'  but  not  'Tradition',  ' Stewarstonia '  or  'Gumpo  White'  azalea. 


SELECTING  MICROORGANISMS  AS  POTENTIAL  BIOLOGICAL  DISEASE  CONTROL  AGENTS 
Charles  Haqedorn,  Depts.  of  Plant  Path,  and  Agronomy,  VPI  &  SU,  Blacksburg,  VA, 
24061 

A  collection  of  2,550  bacterial  isolates  were  screened  for  their  ability  to 
repress  Rhizoctonia  sol ani  Kuehn  and  Pythi urn  ul timum  Trow.,  the  causative 
agents  of  seedling  disease  on  cotton  (Goss.ypium  hirsutum  L.).  Higher  proportions 
of  antagonistic  isolates  were  obtained  from  in-planta  screens  (12%)  than  from 
any  types  of  agar  assay  procedures  (2-8%).  Bacteria  antagonistic  to  the  fungi 
represented  all  the  major  groups  of  bacteria  that  were  examined  although  the 
highest  proportions  of  potential  disease  control  agents  were  recovered  among  the 
fluorescent  pseudomonads  (26%  of  total  FP's  examined).  All  isolates  demonstrat¬ 
ing  antagonistic  activity  were  passed  through  a  secondary  screen  of  naturally 
infested  soils  to  further  select  the  best  isolates  for  field  evaluations. 
Numerous  isolates  that  repressed  one  or  both  fungi  in  agar  assays  failed  to 
do  so  in-planta  and  a  few  isolates  that  were  selected  based  on  i n-pl anta 
performance  gave  no  control  in  agar  assays.  The  success  of  the  in-planta  screen 
was  related  to  colonization  abilities  of  the  isolates  as  well  as  fungal 
antagonisms. 
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SUICIDAL  SEED  GERMINATION  IN  BROOMRAPE  (jQRQBANCHE  SR.};  THE  ACTION  OF  STRIGOL 
ANALOGS.  Rakesh  Jain  and  Chester  L.  Foy,  Dept.  Plant  Pathol.,  Physiol,  and  Weed 
Sci.,  Virginia  Polytechnic  Institute  and  State  University,  Blacksburg,  VA  24061 
Broomrape  (Orobanche  sp. )  is  the  most  devastating  parasitic  weed  of  broadleaf 
crops  in  the  semi -arid  and  some  temperate  regions  of  the  world.  The  seeds  of 
broomrape  can  remain  viable  in  the  soil  for  more  than  ten  years  and  germinate 
only  when  'triggered'  by  a  chemical  stimulant  present  in  root  exudates  of  host 
plants.  In  laboratory  experiments,  two  synthetic  analogs  of  strigol,  GR  7  and 
GR  24,  induced  germination  of  0_.  aeg.ypti aca  seeds  after  the  seeds  were  precon¬ 
ditioned  in  distilled  water  at  22  to  25  C  for  two  weeks.  Germination  of  older 
broomrape  seeds  (maximum  germination  about  40%)  was  inhibited  significantly 
when  the  seeds  were  subjected  to  light  during  preconditioning  or  stimulant 
treatment.  Germination  of  newer  broomrape  seeds  (maximum  germination  about  85%) 
was  not  affected  by  light.  Preconditioning  of  broomrape  seeds  in  nitrate  had 
no  effect  on  germination  stimulation  by  GR  24.  Preconditioning  in  ammonium 
salt  or  urea,  however,  reduced  the  effect  of  GR  24  on  broomrape  seed  germina¬ 
tion.  Stimulation  of  seed  germination  by  strigol  analogs  may  result  in  reduc¬ 
tion  of  broomrape  seed  populations  in  the  soil. 


EFFECTS  OF  DIETARY  FOLIC  ACID  ADDITIONS  ON  REPRODUCTIVE  PERFORMANCE  OF  SWINE 
OVER  THREE  PARITIES.  M.  D.  Lindemann  and  E.  T.  Kornegay,  Dept,  of  Animal 
Science,  VPI&SU,  Blacksburg,  VA  24061.  Fifty-nine  gravid  gilts  were  randomly 
allotted  to  one  of  four  dietary  treatments  according  to  ancestry  and  breeding 
weight  approximately  15  days  postbreeding.  Upon  assignment  to  a  dietary 
treatment,  the  females  remained  on  that  treatment  continually  until  their 
completion  of  three  parities  or  until  they  were  culled  from  the  herd  because  of 
a  management  decision.  The  four  dietary  treatments  were:  1)  a  control  14% 
crude  protein  corn-soybean  meal  diet  with  110  ppm  tylosin  phosphate,  2)  diet  1 
plus  110  ppm  sulfamethazine,  3)  diet  1  plus  1  ppm  folic  acid,  and  4)  diet  2  plus 
1  ppm  folic  acid.  Normal  parity  effects  were  observed  for  all  body  weight 
measurements  of  the  females,  for  litter  size  and  for  piglet  weights.  Main 
effect  means  demonstrated  an  increase  in  total  pigs  born  ( P< . 05 ) ;  11.1  vs  10.1) 
and  pigs  born  alive  (P<.05;  10.7  vs  9.7)  due  to  folic  acid  addition  to  the  diet; 
number  of  pigs  weaned  was  not  different  ( P= . 2 7 ;  9.3  vs  8.9).  Farrowing  rates 
(no.  of  farrowings  -f-  no.  of  breedings)  for  the  four  diets  were  .66,  .75,  .84  and 
.85,  respectively.  Folic  acid  addition  to  the  diet  of  gestating/lactating  swine 
would  appear  to  improve  performance  through  maintenance  of  conception  and 
through  increases  in  total  pigs  born/litter. 


B I OSY STEMAT ICS  OF  SCURFY  SCALES,  CHIONASPIS  (HOMOPTERA:  COCCOIDEA:  DIASPIDIDAE) 
OF  NORTH  AMERICA.  Tong -Xian  Liu  G  Michael~Kosztarab,  Dept,  of  Entomology,  Va. 
Polytechnic  Institute  G  State  Univ. ,  Blacksburg,  Va.  24061.  Twenty-two  species 
of  scurfy  scales,  Chionaspis,  have  been  found  in  North  America,  and  two  of  these 
are  new  to  science.  Eleven  species  are  known  from  Virginia:  C.  americana 
Johnson,  caryae  Cooley,  comi  Cooley,  fur  fur  a  (Fitch),  gleditsTae  Sanders, 
heterophyllae  Cooley,  kosztarabi  Takagi,  nyssae  Comstock,  parkii~Hollinger , 
pinifoliae  (Fitch) ,  and  salicisnigrae  (Walsh) .  Dimorphism,  Trimorphism  and 
polymorphism  associated  with  the  different  feeding  sites  of  the  same  tree  have 
been  found  in  five  species.  The  extreme  variation  of  morphological  characters 
in  some  species  makes  the  genus  unique! 

THE  EFFECT  OF  SC-0774  ON  ' ^C-ACETATE  UPTAKE  BY  ISOLATED  SOYBEAN  (Glycine  max) 
CELLS.  D.  J.  Mayonado,  K.  K.  Hatzios,  and  H.  P.  Wilson.  Dept,  of  Plant 
Pathology,  Physiology,  and  Weed  Science,  Va.  Polytechnic  Inst.,  Blacksburg,  VA 
24061.  SC-0774  is  an  experimental  herbicide  being  studied  for  use  in  corn 

(Zea  mays) .  This  herbicide  is  from  a  new  and  currently  undisclosed  chemical 
class.  The  mode  of  action  of  this  family  of  herbicides  is  unknown  but  the 
symptomology  expressed  by  susceptible  species  suggests  a  bleaching  mechanism. 
Most  bleaching  herbicides  induce  phytotoxicity  by  inhibiting  carotenoid  bio¬ 
synthesis,  rendering  the  plant  susceptible  to  photodegradation  by  solar 
radiation.  Carotenoids  are  classified  as  plant  lipids  and  are  synthesized 
from  acetate  via  the  general  isoprenoid  pathway.  This  research  was  an  attempt 
to  measure  the  effect  of  SC-0774  on  '^C-acetate  uptake  into  plant  lipids  by 
isolated  soybean  cells.  The  results  from  these  studies  will  be  discussed. 
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IMPACT  OF  BACILLUS  THURINGIENSIS  ON  PARASITES  OF  PIERIS  RAPAE  (L.)  IN  FALL 
BROCCOLI.  R.C.  McDonald  and  L.T.  Kok,  Dept,  of  Entomology,  Va.  Polytechnic 
Inst.  5  State  Univ.,  Blacksburg,  VA  24061.  In  fall  1986,  three  different  formu¬ 
lations  of  Bacillus  thuringiensis  (Dipel  2X,  water-  and  oil-based  B^.t.  products 
applied  at  10  B.I.U./acre)  were  compared  in  the  field  with  a  synthetic  pyre- 
throid,  permethrin  (applied  at  2.5  oz./acre)  for  their  impact  on  populations  of 
Pieris  rapae  larvae,  and  the  parasites  Cotesia  glomerata  (L.)  and  Pteromalus 
pup a rum  (L.).  A  significant  (P  <  0.05)  difference  was  found  in  larval  numbers 
between  the  untreated  control  plots  and  plots  sprayed  with  permethrin.  There 
was  no  significant  difference  between  the  oil-  and  water-based  B_.t_.  products  and 
permethrin,  and  none  between  the  control  and  Dipel  2X.  No  post-spraying  para¬ 
site  activity  was  observed  in  plots  sprayed  with  permethrin,  but  parasite  activ¬ 
ity  continued  after  spraying  in  the  and  untreated  control  plots.  However, 

activity  was  not  significantly  different  from  the  permethrin-treated  plots. 
Parasitization  of  Pieris  rapae  larvae  by  Cotesia  glomerata  peaked  at  50%  on 
Julian  day  253  (Sept.  10),  averaging  9.6%  for  the  season.  Parasitization  of 
Pieris  rapae  chrysalids  by  Pteromalus  puparum  was  100%.  The  efficacy  of  the 
different  Bacillus  thuringiensis  formulations  in  controlling  Pieris  rapae 
larvae,  in  decreasing  order:  oil,  water  and  Dipel  2X. 

EFFECT  OF  FIBER  SOURCE  AND  DURATION  OF  FEEDING  ON  MINERAL  UTILIZATION  BY  GROWING 
PIGS.  Robert  J.  Moore*  and  E.T.  Kornegay,  Dept,  of  Anim.  Sci.,  Va  Polytechnic 
Inst.  &  State  Univ.,  Blacksburg,  VA  24061.  Four  balance  trials  (48  females, 
mean  body  weight  50.1  kg)  were  conducted  to  determine  the  effect  of  fiber  source 
and  duration  of  feeding  on  mineral  utilization  by  pigs.  In  trials  1  and  2  pigs 
were  fed  a  corn-soybean  meal  basal  diet  (B),  a  15%  oat  hulls  diet  (OH),  or  a 
15%  soybean  hulls  diet  (SH).  Feces  and  urine  collections  were  made  after  pigs 
had  been  fed  the  diets  for  5  d  or  26  d.  Diets  were  similar  in  trials  3  and 
4,  except  Ca  and  P  levels  were  increased  by  50%.  Zn  balance  was  lower  at  26 
d  than  at  5  d  for  pigs  fed  OH  (P<.05),  but  fiber  source  did  not  effect  Zn  balance 
compared  with  pigs  fed  B  (PC.10).  SH  increased  Mg  absorption  (P<.01)  but  not 
Mg  balance  compared  with  pigs  fed  B  or  OH.  Apparent  Mg  balance  was  higher  at 
26  d  (P<.01)  for  pigs  fed  each  of  the  fiber  source  diets.  Fiber  source  did 
not  effect  Na  balance  (PC. 10),  but  OH  decreased  (PC. 01)  K  balance.  Sodium  bal¬ 
ance  was  lower  (PC. 01)  while  K  balance  tended  to  be  higher  (PC. 07)  at  26  d  than 
at  5  d.  Fiber  source  or  duration  of  feeding  did  not  affect  Ca  or  P  balance 
at  either  Ca  or  P  intake  (PC. 10).  Modest  levels  of  dietary  fiber  supplied  as 
OH  or  SH  did  not  have  a  large  negative  impact  on  mineral  utilization  (after 
feeding  5  d  or  26  d)  in  growing  pigs  fed  a  cereal  grain-oilseed  meal  diet. 

THE  INFLUENCE  OF  CULTIVAR  AND  SEED  SIZE  ON  THE  FATTY  ACID  COMPOSITION  OF  LARGE- 
SEEDED  VIRGINIA-TYPE  PEANUTS.  R.  Walton  Mozingo,  Dept,  of  Agronomy,  Tidewater 
Agric.  Expt.  Station,  VPI&SU,  Suffo  Ik ,  VA  23437.  Sized  seed  of  five  large- 
seeded  Virginia-type  peanut  cultivars  grown  at  the  Peanut  Belt  Research  Station 
in  Lewiston,  North  Carolina  and  the  Tidewater  Agricultural  Experiment  Station  in 
Suffolk,  Virginia  for  3  years  (1982-1984)  were  evaluated  for  fatty  acid 
composition.  The  cultivars  NC  7,  VA  81B,  NC  6,  Florigiant,  and  GK  3  were  sized 
into  three  shelled  commercial  grades  (extra  large,  medium,  and  No.  1)  for 
analysis.  Significant  differences  were  observed  among  cultivars  for  all  fatty 
acids,  oleic/linoleic  (0/L)  ratio,  and  computed  iodine  value.  A  change  in 
grades  from  No.  1  to  medium  to  extra  large  resulted  in  a  significant  increase  in 
the  percentage  of  stearic,  oleic,  and  arachidic  acids  and  a  significant  decrease 
in  the  percentage  of  palmitic,  linoleic,  eicosenoic,  behenic,  and  lignoceric 
acids.  Significantly  lower  computed  iodine  values  and  significantly  higher  0/L 
ratios  were  recorded  for  the  larger  size  seed.  Significant  cultivar  x  grade 
interactions  were  obtained  for  palmitic,  oleic,  and  linoleic  acids,  iodine  value 
and  0/L  ratio.  These  results  show  grade,  cultivar,  and  environment  may  affect 
fatty  acid  composition,  computed  iodine  value,  and  0/L  ratio. 
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EFFECTS  OF  CREEP  FEEDING  ON  THE  ABILITY  OF  WEANED  PIGS  TO  RESPOND  TO  AN  ESCHERI¬ 
CHIA  COLI  CHALLENGE  AND  THEIR  ABSORPTION  OF  XYLOSE  AND  OVALBUMIN.  C.R.  Risley*, 
E.T.  Kornegay,  K.L.  Barnett*,  M.D.  Lindemann  and  W.N.  Eigel*,  Depts.  of  Anim. 
and  Food  Sci.  &  Tech.,  Va  Polytechnic  Inst.  &  State  Univ. ,  Blacksburg,  VA  24061. 
The  effect  of  creep  feeding  during  nursing  (exposed)  vs  no  exposure  to  creep 
feed  or  sow's  feed  (control)  on  weaned  pigs  ability  to  respond  to  an  oral  chal¬ 
lenge  of  E.  coli  or  to  absorb  ovalbumin  or  xylose  was  investigated.  Eighty 
pigs  (45  exposed,  35  control)  were  orally  challenged  with  3  x  10^  organisms 
of  E.  coli  (01 57:H88AC:H43) •  Control  pigs  tended  to  scour  more  than  the  exposed 
pigs  (46%  vs  27%).  Ovalbumin  absorption  was  similar  for  both  exposed  (n=40) 
and  control  (n=31 )  pigs;  absorption  increased  from  d  1  to  d  4  and  decreased 
to  d  13.  At  d  1 ,  exposed  pigs  (n=43)  absorbed  less  (P<.02)  xylose  (0.781  mmol) 
than  control  pigs  (n=34)  (0.825  mmol)  with  no  differences  occurring  thereafter. 
Lowest  xylose  absorption  occurred  on  d  7  with  an  increase  to  d  13»  Creep  feeding 
conferred  some  protection  to  the  E.  coli  challenge,  but  had  little  effect  on 
intestinal  absorption. 


YIELD  RESPONSE  TO  VARIOUS  INSECTICIDES  FOR  STALK  BORER  CONTROL 
IN  NO-TILL  CORN.  James  E.  Roberts .  Sr.  and  Michael  G. 
Fletcher,  Dept,  of  Entomology,  VPI&SU,  Blacksburg,  VA  24061. 
Baythroid®  2EC ,  Pydrin®  2.4EC,  ASANA®  1 . 9EC , Pounce®  3.2EC, 
Ambush®  2EC ,  Toxaphene®  6EC ,  and  Lorsban®  4EC  were  applied 
following  application  of  a  tank-mix  of  recommended  herbicides 
and  30%  liquid  nitrogen  to  a  rye  cover  crop  prior  to  no-till 
planting  of  field  corn.  The  plots,  located  in  Montgomery  Co., 
VA,  were  established  in  a  randomized  complete  block  design 
measuring  4  rows  by  50  ft.  and  replicated  4  times.  The  first 
five  treatments  listed  above  had  significantly  less  stalk 
borer,  Papaipema  nebris  (Guenee) ,  damage  than  the  untreated 
control  ( P=0 . 05 ) .  Yield  differences  were  nonsignificant 
(P=0. 05) . 


EFFICACY  OF  PP-993  FOR  EUROPEAN  CORN  BORER  CONTROL  IN  NO-TILL 
FIELD  CORN.  James  E.  Roberts .  Sr.  and  Michael  G.  Fletcher, 
Dept,  of  Entomology,  VPI&SU,  Blacksburg,  VA  24061.  PP-993 

1 . 5G  applied  at  0.100  and  0.125  lb/Acre  was  compared  to 
Furadan®  15G  applied  at  1.00  lb/Acre  and  an  untreated  check. 
The  plots,  located  in  Montgomery  Co. ,  VA,  were  established  in 
a  randomized  complete  block  design  measuring  4  rows  by  50  ft. 
and  replicated  4  times.  Pioneer  3233  field  corn  was  planted 
no-till,  April  4,  1986.  The  insecticides  were  applied  on  June 
6,  and  July  22.  European  corn  borer,  Ostrinia  nubilalis 
(Huber),  infestation  was  evaluated  on  Sept  19,  the  PP-993 
treated  plots  were  found  to  have  a  significantly  lower  ECB 
infestation  than  the  Furadan  treated  and  the  untreated  check 
plots  ( P=0 . 05 ) .  Yield  differences  were  found  to  be 
nonsignificant  (P0.05). 


YIELD  RESPONSE  TO  VARIOUS  INSECTICIDES  FOR  TRUE  ARMYWORM 
CONTROL  IN  NO-TILL  CORN.  James  E.  Roberts .  Sr.  and  Michael  G. 
Fletcher,  Dept,  of  Entomology,  VPI&SU,  Blacksburg,  VA  24061. 
AmbusH®  2EC ,  Pydrin®  2.4EC,  Pounce®  3.2EC,  Baythroid®  2EC , 
Lorsban®  4EC ,  and  Toxaphene®  6EC  were  applied  following 
application  of  a  tank-mix  of  recommended  herbicides  and  30% 
liquid  nitrogen  to  a  rye  cover  crop  prior  to  no-till  planting 
of  field  corn.  The  plots,  located  in  Madison  Co.,  VA,  were 
established  in  a  randomized  complete  block  design  measuring  4 
rows  by  50  ft.  and  replicated  4  times.  All  treatments 
resulted  in  having  significantly  less  true  armyworm, 
Pseudaletia  unipuncta  (Haworth) ,  injury  than  the  untreated 
control  (P=0.05).  No  significance  between  treatments  was 
indicated.  Yield  differences  were  nonsignificant  (P=0.05). 
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FIELD  EVALUATION  OF  SELECTED  GRANULAR  INSECTICIDES  AS  PRE¬ 
EMERGENCE  TREATMENTS  FOR  CORN  ROOTWORM  CONTROL  IN 
CONVENTIONAL-TILL  FIELD  CORN.  James  E.  Roberts.  Sr.  and 
Michael  G.  Fletcher,  Dept,  of  Entomology,  VPI&SU,  Blacksburg, 
VA  24061.  Furadan®  15G,  Counter®  15G,  Lorsban®  15G,  Dyfonate® 
20G,  and  two  experimental  compounds  SC-0567  5G  and  TD  2208  15G 
were  individually  applied  following  planting  of  conventional- 
till  field  corn.  The  plots,  located  in  Washington  Co.,  VA, 
were  established  in  a  randomized  complete  block  design 
measuring  4  rows  by  50  ft.  and  replicated  4  times.  All 
treatments  resulted  in  having  significantly  less  corn 
rootworm,  Diabrotica  lonqicornis  (Say)  and  Diabrotica 
virgif era  LeConte,  damage  than  the  untreated  control  (P=0.05). 
No  significance  between  treatments  was  indicated.  Yield 
differences  were  nonsignificant  (P=0.05). 


EFFICACY  OF  10%  FLUCYTHRINATE  SWINE  EAR  TAGS  FOR  CONTROL  OF 
HOG  LICE.  James  E.  Roberts .  Sr.  and  Michael  G.  Fletcher, 

Dept,  of  Entomology,  VPI&SU,  Blacksburg,  VA  24061. 

Flucythrinate  swine  ear  tags  were  evaluated  for  hog  lice, 
Haematopinus  suis  (L.),  control  when  applied  to  brood  sows 
maintained  on  pasture  in  Buckingham  Co. ,  VA.  The  tags  were 
applied  in  October  and  the  number  of  lice  were  guantified  at 
monthly  intervals  there  after  for  4  months.  The  number  of 
lice  were  significantly  reduced  for  the  4  month  observation 
period  (P-0 . 05) . 

PROTECTION  OF  APPLE  TREES  FROM  DEER  BROWSING  BY  A  SOAP.  Patrick  F.  Scanlon, 
Ross  E.  Byers,  and  Mary  Beth  Moss,  Dept,  of  Fisheries  and  Wildlife  Sci.,  Va. 
Polytechnic  Inst.  &  State  Univ.,  Blacksburg,  Va.  24061,  and  Winchester  Fruit 
Res.  Lab.,  Va.  Polytechnic  Inst.  &  State  Univ.,  2500  Valley  Avenue,  Winchester, 
Va.  24061.  Ninety  apple  trees  (Emla  III  root-stock)  were  placed  in  areas  of 
high  white-tailed  deer  and  (Odocoileus  virginianus)  use  in  June/July  1986. 
Numbers  of  shoots  were  pruned  to  leave  3  shoots  per  tree.  Trees  were  treated 
as  follows:  by  hanging  a  soap-bar  (Lifebouy;  Lever  Bros.,  New  York)  in  the 
main  fork  (N  =  30);  by  attaching  4  75-cm  lengths  of  barbed  wire  attached  to 
tree  stems  and  arranged  to  hinder  browsing  of  shoots  (N  =  30);  and  30  were  left 
untreated  (controls).  Deer  browsed  43$  of  control  trees  and  29$  of  their 
shoots.  Deer  browsed  30$  of  barbed-wire  treated  trees  and  16$  of  their  shoots. 
Soap  bars  completed  prevented  browsing  of  apple  trees  and  their  shoots  -  the 
difference  in  browsing  of  trees  and  shoots  was  significant  (P  <  0.005)  from 
both  other  groups.  Barbed  ware  reduced  (P  <  0.05)  browsing  of  shoots,  but  not 
trees,  over  that  of  controls.  CSupported  by  Virginia  Commission  of  Game  and 
I  n  I  and  F  i  sher  i  esll 


HOST  PLANT  RESISTANCE  TO  HAWTHORN  AND  AZALEA  LACE  BUGS.  P.  B. 
Schultz  and  M.  A.  Coffelt.  Hampton  Roads  Agr.  Exp.  Sta.  Va . 
Beach,  VA  23455. 

Research  evaluating  resistance  to  hawthorn  lace  bug,  Corvthucha 
cvdoniae  (Fitch)  was  conducted  with  13  species/cultivars  of 
Cotoneaster.  High  lace  bug  oviposition  and  nymphal  survival  were 
observed  on  C_.  damme r i  'Royal  Beauty'  and  low  oviposition  and 
nymphal  survival  on  C_.  lacteus .  Leaf  pubescence  and  oviposition 
were  negatively  correlated  (r=  -  0.71),  and  nymphal  survival  was 
also  adversely  affected  by  leaf  pubescence. 

Adult  preference  of  azalea  lace  bug  was  compared  on  the 
basis  of  flower  color.  Significant  differences  were  observed 
between  varieties  with  all  four  colors.  With  red  flower  color, 
Hahn's  Red  and  Copper  Man  had  significantly  lower  lace  bugs. 
Rosebud,  Indica  alba,  and  NA  45459  had  lower  lace  bug  numbers  in 
the  pink,  white,  and  lavender  flower  groups  respectively. 
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COMPARATIVE  TRANSLOCATION  LEVELS  OF  ARBOTECT  20S  (THIABENDAZOLE  HYPOPHOSPHITE) 
FUNGICIDE  INJECTED  INTO  THE  AMERICAN  ELM  BY  SHALLOW  PIT  AND  FLARE  ROOT  METHODS. 
R.  J.  Stipes,  Dept.  Plant  Pathol.,  Physiol,  and  Weed  Science,  Virginia  Tech, 
Blacksburg,  V A  24061. 

The  technology  of  tree  injection  is  being  refined  yearly  and  now  has  great 
pragmatic  value  in  the  control  of  certain  tree  diseases.  Dutch  elm  disease(DED) 
can  now  be  successfully  prevented  for  up  to  3  years  by  a  single  injection  of 
Arbotect  20S.  Fungicide  translocation  is  correlated  markedly  with  injection 
route  and  method.  We  compared  the  distribution  of  Arbotect  following  pressure 
injection  into  2.5  cm  deep  ports  in  root  flares  or  into  shallow  pits  (into  the 
new  springwood  ring)  in  the  bole.  The  dosage  was  2  oz.  Arbotect/5  inches  DBH 
(diameter  at  breast  height)  diluted  to  3,125/jg/ml.  Six  trees  per  treatment 
were  used.  We  detected  Arbotect  via  bioassay  1  month  after  injection  in  64% 
of  100  or  more  crown  stem  samples  from  the  shallow  pit  trees  and  from  59%  of 
100  or  more  crown  stem  samples  from  the  root  flare  trees,  with  no  statistical 
differences  observed.  The  shallow  pit  technique,  however,  may  prove  to  be  the 
better  technique  statistically  and  biologically  if  Arbotect  dosage  levels  are 
elevated  beyond  the  2  oz.  rate. 


SOUTHERN  CORN  ROOTWORM  PHEROMONE  STUDIES.  Anne  Marie  Tisler,  John  C.  Smith, 
Tidewater  Agr.  Expt,  Sta. ,  VA  Tech,  Suffolk"!  VA  2343V . 

Southern  Corn  Rootworms  (Diabrotica  undec impunc tata  howardi  Barber)  are  a 
common  pest  of  peanuts  in  the  Southeastern  United  States.  Pheromone  traps  set 
out  at  11  sites  in  VA  in  1986  successfully  trapped  male  southern  corn  root- 
worm  beetles.  Over  a  6  week  period,  (July  23  -  Sept.  4,  I986)  49,066 
southern  corn  rootworm  beetles  were  captured  in  the  pheromone  traps.  Trap 
counts  peaked  at  the  end  of  July.  Significant  differences  in  trap  catches 
resulted  between  sites  and  between  weeks.  Attempts  were  made  to  relate  adult 
trap  catch  with  larval  counts.  A  soil  sifting  procedure  detected  few  larval 
southern  corn  rootworms.  A  limited  number  of  larvae  were  recovered,  although 
adult  beetle  counts  and  pod  injury  levels  were  high. 


DIFFERENTIAL  ABSORPTION,  TRANSLOCATION,  AND  METABOLISM 
BETWEEN  SICKLEPOD  AND  SOYBEAN  TO  PHOSPHINOTHRICIN.  William  IE 
Vencill,  Kriton  K.  Hatzios,  and  Henry  P.  Wilson.  Dept,  of  Plant 
Pathology,  Physiology,  and  Weed  Science,  Va.  Polytechnic  Inst., 
Blacksburg,  Va.  24061.  The  purpose  of  these  experiments  were  to 
determine  if  differences  in  selectivity  of  the  herbicide  phosphi- 
nothricin  between  tolerant  sicklepod  (Cassia  obtusifolia)  and 
sensitive  soybean  (Glycine  max)  species  are  due  to  differential 
absorption,  translocation,  or  metabolism  of  phosphinothricin. 
14C-phosphinothricin  was  applied  to  greenhouse  grown  sicklepod 
and  soybean  plants.  After  a  period  of  three  days,  the  plants  were 
harvested  and  divided  into  treated  leaf,  other  leaves,  stem,  and 
root  tissues.  Differences  in  14C-phosphinothricin  were  detected 
such  that  more  label  was  translocated  into  sicklepod  leaves  than 
soybean  leaves.  There  was  limited  translocation  of  1 4C-phoSphino- 
thricin  to  the  stem  and  root  tissue  of  both  sicklepod  and  soyb¬ 
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MICROBIAL  MINERALIZATION  OFALACHLOR  IN  HISTORY  AND  NON-HISTORY  SOILS.  D.  R. 
White,  K.K.  Hatzios,  S.  Meredith,  Dept,  of  Plant  Path.,  Physiol.  &  Weed  Sci. , 
VPI  &  SU,  Blacksburg,  VA  24061  and  H.P.  Wilson,  Ea.  Shore  Res.  Center,  Painter, 
VA  23420.  The  efficacy  of  many  pesticides  is  known  to  decrease  following  repe¬ 
ated  applications  to  the  same  soil.  Repeated  exposure  of  the  microbial  commu¬ 
nity  to  a  selectivelly  metabolizable  pesticide  induces  a  proliferation  of  that 
fraction  of  the  community  capable  of  metabolism  relative  that  that  which  is 
incapable.  As  a  result  the  biodegradation  of  organic  pesticides  in  soils  with 
previous  exposure  to  these  pesticides  (History  soils)  is  highly  accelerated. 
This  behavior  is  manifested  in  the  field  as  an  observed  decrease  in  the  effi¬ 
cacy  of  the  pesticide.  The  results  of  the  present  study  show  that  of  the  three 
alachlor-history  soils  tested,  the  soils  that  had  been  exposed  to  2.8  and  5.6 
kg/ha  of  alachlor  for  5  years  had  the  highest  degree  of  alachlor  mineraliza¬ 
tion.  The  rate  of  mineralization  of  the  soils  exposed  to  a  microencapsulated 
formulation  of  alachlor  for  2  years  was  substantially  lower  indicating  that 
this  controlled-release  formulation  reduces  the  availability  of  the  herbicide 
for  microbial  mineralization.  The  rate  of  mineralization  of  the  alachlor- 
history  soils  was  10-14%  higher  than  the  rate  of  sterile  soil  or  of  soil  with 
no  previous  exposure  to  this  herhicide. 


THE  EFFECT  OF  OXIME  ETHER  SAFENEfJ  APPLIED  ALONE  AND  IN 
COMBINATION  WITH  METOLACHLOR  ON  C-ACETATE  INCORPORATION 
INTO  LIPIDS.  Samue I  P .  Yenne*  and  Dr.  K.  K.  Hatzios,  Dept  of 
PPWS ,  VA  Polytech,  and  SU,  Blacksburg,  VA  24061.  It  has  been 
reported  that  metolachlor  will  inhibit  lipid  synthesis  and  it 
has  been  proposed  that  the  oxime  ether  safeners  may  reverse 
this  inhibition  of  lipid  synthesis.  The  effect  of  two 
commercial  (cyometrinil  and  CGA-92194)  and  two  proposed 
(pyridine-2-aldoxime-O-benzyl  ether  and  pyr idnine-2-aldoxime- 
0-phenyl  ether)  safeners  applied  alopj  and  in  combination 
with  the  herbicide,  metolachlor,  on  C-acetate  incorpojrjt  ion 
into  total  lipids  of  grain  sorghum  were  investigated.  C- 
labeled  acetic  acid  with  and  without  metholachlor  was  used  as 
the  imbibing  solution.  Pyr idine-2-aldoxime-0-phenyl  ether 
was  phytotoxic  pyd  no  seeds  germinated.  The  other  safeners 
all  stimulated  C-acetate  incorporation  into  lipids  and  this 
stimulation  was  increased  when  metolachlor  was  added. 


ASSESSMENT  OF  COLOR  VISION  AND  FLIGHT  ACTIVITY  OF  COLORADO  POTATO  BEETLE  USING 
WINDOW  FLIGHT  TRAPS.  G.  W.  Zehnder,  VPI&SU,  Eastern  Shore  Agric.  Exp.  Stn., 
Painter,  VA  23420.  Color  attraction  and  flight  behavior  of  Colorado  potato 
beetle  (CPB)  were  investigated  using  various  colored  window  flight  traps  placed 
in  a  potato  field.  Migrating  beetles  were  attracted  to  yellow  traps  with  peak 
wavelength  reflectance  between  550  and  580  nm.  There  was  evidence  that  red, 
with  peak  reflectance  at  680  nm,  and  black,  with  low  uniform  reflectance,  were 
avoided  by  (CPB).  There  was  a  significant  positive  relationship  between 
temperature  and  CPB  trap  catches. 
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THE  DEVELOPMENT  OF  A  GRAPHICAL  USER  INTERFACE  FOR  THE  DIRECT  MANIPULATION  OF 
DATA  TREES.  John  T.  Aguirre ,  Vigyan  Research  Assoc.,  Hampton,  VA  23666,  Jan  L. 
Spangler,  Dept,  of  Comp.  Sci.,  Old  Dominion  Univ.,  Norfolk,  VA  23508,  James  L. 
Schwing,  Dept,  of  Comp.  Sci.,  Old  Dominion  Univ.,  Norfolk,  VA  23508.  This 
interface  exploits  the  interactive  graphical  capabilities  of  modern  workstations 
to  make  hierarchical  information  more  accessible  to  the  user.  Data  trees 
provide  a  natural  structure  for  representing  the  hierarchical  relationships.  For 
example  consider  system  design,  relationships  include  the  total  system  to  its 
components,  the  components  to  their  sub-assemblies,  and  so  on.  Display  of  the 
data  tree  provides  the  user  with  a  concrete  representation  of  the  organization 
of  the  system.  Direct  manipulation  allows  the  user  to  effect  actions  which 
incrementally  construct  or  modify  the  associated  data  base.  Through  the  use  of 
an  interactive  mouse,  the  interface  allows  the  user  to  select  data  records 
related  to  one  portion  of  the  tree  for  display  or  modification.  Implementation 
of  the  interface  required  the  development  of  an  algorithm  which  provides 
aesthetically  pleasing  drawings  of  data  trees  and  the  design  of  a  man-machine 
dialogue  which  emphasizes  direct  manipulation  of  the  data  tree  and  minimizes  use 
of  the  keyboard.  (Supported  under  NASA  grant  NCCI-99.) 


DESIGN  PROBLEMS  AND  PRELIMINARY  RESULTS  OF  A  LOW  ENERGY  RAILGUN 
SYSTEM.  T .  T .  Bateman ,  W.  B.  Powers*,  and  G.  R.  Taylor,  Jr., 

Dept,  of  Physics,  James  Madison  University,  Harrisonburg,  VA 
22807.  The  characteristics  and  design  of  a  1  . 6  k j  low  energy 
electromagnetic  propulsion  system,  which  was  constructed  as  part 
of  an  undergraduate  research  project,  will  be  presented.  A 
description  of  the  system,  design  problems,  and  preliminary 
results  will  be  discussed.  Initial  measurements  of  the  dependence 
of  projectile  velocity  on  inductance  and  energy  will  be  reviewed. 

STUDY  OF  AIR  PERMEABILITY  v'S  DEWPOINT  AND  TEMPERATURE.  Les 
Bissell  and  Joseph  W.  Rudmin,  Physics  Department,  James  Madison 
Univ..  Harrisonburg,  VA  22807.  A  test  chamber  has  been  con¬ 
structed  in  which  the  temperature  and  dew  point  of  air  can  be 
carefully  controlled  and  measured.  A  par al 1  el  — p 1  ate  capacitor 
mounted  in  the  chamber  is  used  to  control  the  -Frequency  of  a 
'-eia.Kat.ion  oscillator.  The  frequency  of  the  oscillator  is  a 
direct  measurement  of  the  electrostatic  permeability'  of  the  air. 
The  apparatus  will  be  described,  and  preliminary  data  will  oe 
presented . 

MEASUREMENT  OF  THERMAL  PROPERTIES  OF  UNIAXIAL  TITANIUM  DOPED  SAPPHIRE  SINGLE 
CRYSTALS.  M.  Buoyfraz,  Morteza  Raszaei -Kojani ,  U.  Farrukh,  Hampton  Univ., 
Hampton,  VA,  D.  Avelyra,  Auburn  Univ.,  Auburn,  AL,  A.  Inge,  C.  Byvik,  NASA 
Langley  Research  Center,  Hampton,  VA.  Titanium-doped  Sapphire  (Ti :Sapphi re)  is 
a  candidate  laser  material  for  remote  sensing  from  a  future  space  platform. 
Although  the  thermal  properties  of  crystalline  Sapphire  have  been  measured,  it 
is  important  to  determine  the  thermal  conductivity  and  specific  heat  of 
Sapphire-doped  Titanium.  Sapphire  is  known  to  be  a  uniaxial  crystal  which 
suggests  that  the  thermal  conductivity  will  depend  on  the  direction  of  the  flow 
of  heat  with  respect  to  the  symmetry  axis.  A  technique  to  determine  the  values 
of  the  thermal  conductivity  and  specific  heat  of  laser  crystals  has  been 
developed.  This  technique  has  been  used  to  determine  the  directional  depend¬ 
ence  of  the  thermal  conductivity  in  TirSapphire.  The  experimental  technique 
and  data  analysis  will  be  described  and  the  results  to  date  presented. 
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USING  THE  EAR  TO  VERIFY  CONSTANT  ACCELERATION  DOWN  AN  INCLINE  : 
GALILEO'S  METHOD  GONE  DIGITAL.  Randall  Caton,  Dept,  of  Physics, 
Christopher  Newport  College,  50  Shoe  Lane,  Newport  News,  VA  23606. 
Galileo  originally  used  his  ear  as  a  timing  device  to  show  that 
the  acceleration  of  a  ball  rolling  down  an  incline  was  constant. 

He  listened  for  equal  time  intervals  between  clicks  as  the  ball 
rolled  over  a  series  of  strings.  The  displacement  of  successive 
strings  from  the  origin  went  in  ratios  of  the  square  of  the  times 
(i.e.,  1,4,9,16,...).  Our  modern  version  uses  an  infrared 
emitter/detector  pair  in  combination  with  digital  circuitry  which 
can  easily  be  mounted  on  an  air  cart.  Galileo's  strings  are 
replaced  by  thin  reflecting  surfaces  and  the  clicks  by  more 
audible  beeps  from  a  piezoelectric  beeper.  With  this  system 
students  can  show  constant  acceleration  using  their  ear  with 
better  precision  than  using  an  electronic  stopwatch. 

PARTIAL  SOLAR  ECLIPSE  AND  SOLAR  INSOIATION  AT  HAMPTON.  Trina  L.  Christian, 
Dept,  of  Physics  &  Charles  M.  Bump,  Dept,  of  Chemistry,  Hampton  Univ. , 

Hampton,  VA  23668.  A  partial  solar  eclipse  occurred  on  October  3,  1986 
between  the  hours  of  2-4  p.m.  At  Hampton  Univ. ,  observations  were  made 
visually,  and  data  were  taken  both  photographically  and  radiometrically. 
Photographs  were  taken  of  the  image  of  the  sun  projected  through  a  telescope 
with  a  frequency  of  5-10  minutes  and  used  to  determine  the  fraction  of  the  sun 
being  blocked  by  the  moon.  Radiometric  data  were  obtained  by  an  Eppley 
Precision  Spectral  Pyrancmeter,  which  measures  global  solar  irradiance.  The 
data  were  used  to  determine  changes  in  solar  irradiance  caused  by  the  eclipse. 
A  comparison  of  typical  data  taken  for  the  same  location  and  time  of  year  was 
also  made. 


KINKY  PHYSICS:  STUDIES  OF  KINKS  AND  ANTI  KINKS.  Alan  Coleman  and 
Dorn  Peterson,  Dept  of  Physics,  James  Madison  Univ., 

Harrisonburg,  VA  22807.  Solitons  are  an  important  concept  in  non¬ 
linear  physics.  Simple  models,  where  one  can  use  intuition  help 
in  understanding  solitons,  are  an  important  tool.  We  are 
building  a  mechanical  model  that  is  in  essence  an  analog  computer 
to  solve  the  equation: 


(where f1  and  are  constants.)  This  is  the  perturbed  sine- 
Gordon  equation.  We  will  discuss  the  application  of  this  model 
to  the  understanding  of  solitons  (kinks  and  anti-kinks)  and  their 
use  as  a  model  in  particle  physics. 
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CEBAF  AND  IT'S  SCIENTIFIC  PROGRAM.  Franz  Gross*,  Continuous  Electron  Beam 
Accelerator  Facility,  12070  Jefferson  Ave. ,  Newport  News,  VA  23606o  CEBAF,  the 
highest  priority  new  research  facility  in  the  U.S.  nuclear  physics  program,  will 
be  a  4  GeV  high  duty  factor  electron  accelerator  devoted  to  basic  nuclear  phys¬ 
ics  research.  It  will  be  a  user  facility,  open  to  all  members  of  the  inter¬ 
national  scientific  community  on  the  basis  of  the  merit  of  their  proposed  re¬ 
search.  The  project  received  its  initial  construction  funding  this  year,  and 
construction  actually  began  on  the  site  in  Newport  News  in  February  1987.  The 
accelerator  is  expected  to  be  completed  in  1992,  with  the  first  physics  experi¬ 
ments  planned  for  1993.  The  proposed  scientific  program,  which  has  been  in  the 
planning  stage  since  1980,  underwent  its  first  formal  review  by  a  Program  Ad¬ 
visory  Committee  in  February.  At  this  time,  it  appears  that  precision  measure¬ 
ments  of  the  structure  of  simple,  few-body  nuclei,  such  as  the  deuteron,  tri¬ 
tium,  and  helium  will  be  an  important  part  of  the  scientific  program.  The  ul¬ 
timate  goal  of  such  measurements  is  to  understand  the  role  that  quarks  play  in 
the  structure  of  nuclei  and  nuclear  matter.  In  this  talk  the  current  status  of 
the  project,  its  physics  program,  and  present  plans  for  the  initial  complement 
of  experimental  equipment  will  be  briefly  described. 

COMPUTER  AS  PHYSICS  STUDENTS  LAB  ASSISTANT.  Frederick  F.  Hartline.  & 

George  R.  Webb,  Physics  Dept.,  Christopher  Newport  College,  Newport  News,  Va.  23606. 
Laboratory  computers  are  a  vital  part  of  the  research  scientist's  toolkit.  Introductory  labs 
often  attempt  to  convey  the  ingredients  of  the  scientific  method  but  rely  on  1 7th  century 
methods  for  gathering  and  displaying  the  data.  Computerized  data  acquizition  lets  our 
students  focus  on  the  phenomenon,  rather  than  the  details  and  tedium  of  reading, 
recording  and  graphing  by  hand.  In  addition  they  learn  to  calibrate  non-linear  sensors,  and 
confirm  the  computer's  measurements  with  traditional  instruments.  Our  students  can 
investigate  transient  or  diurnal  phenomena  with  ease.  They  may  contrast  graphs  from 
several  different  experimental  runs  to  heighten  understanding  or  refine  techniques. 
Motivation  is  consistently  higher  than  in  non-computer-aided  labs.  Lab-assistant  system 
supports  measurement  of  position,  velocity,  acceleration,  temperature  and  light  intensity 
as  well  as  event  marking  &  timing. 

(Supported  by  State  Council  of  Higher  Education  for  Virginia) 

ROE'S  SCHEME  REVISITED  j  A  WEAK-DERIVATIVE  FORM  FOR  LINEAR  HYPER¬ 
BOLIC  SYSTEMS.  Jen-Ing  G.  Hwang,  and  Charlie  H.  Cooke*,  Dept,  of 
Math.,  Old  Dominion  University,  Norfolk,  Va.  23508.  A  theoretical 
weak  derivative  form  (WDF)  for  linear  hyperbolic  system  of  conser¬ 
vation  laws  is  derived.  The  virture  of  the  WDF  approach  is  that 
tt  indicates  how  to  difference  in  the  presence  of  a  flow  disconti¬ 
nuity  without  differencing  across  the  discontinuity.  This  differ¬ 
encing  produces  a  robust  shock  capturing  scheme  whose  extension 
to  the  nonlinear  case  is  apparent.  The  WDF  shock  capturing  scheme 
so  obtained  is  shown  to  be  equivalent  to  a  flux-splitting  scheme 
studied  by  P.  L.  Roe,  thus  leading  to  a  better  understanding  of 
the  schemes  of  Godunov  and  Roe,  as  well  as  upwind  differencing  in 
general. 
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A  MOVING  BOUNDARY  PROBLEM  OF  TRANSITIONAL  BALLISTICS.  Jen-Ing  G. 
Hwang ,  and  Charlie  H.  Cooke*,  Dept,  of  Math.,  Old  Dominion  Univ. , 
Norfolk,  Va.  23508.  A  major  problem  which  arises  in  computer 
simulation  of  the  firing  of  a  gun  weapon  is  the  development  of 
numerical  schemes  which  effectively  account  for  the  physics  of 
projectile  motion.  The  chief  difficulty  is  that  away  from  the 
projectile  the  calculation  is  ordinarily  accomplished  on  a  fixed 
numerical  grid,  whereas  due  to  projectile  movement  some  cells  of 
the  grid  near  the  projectile  undergo  volume  changes  as  the  calcu¬ 
lation  proceeds.  There  is  developed  here  a  local  finite  volume 
scheme  which  accounts  for  the  expansion  or  compression  of  cells 
fore-and-aft  of  the  projectile.  Proof  of  concept  for  the  expanding 
cell  scheme  is  established  through  calculating  the  one  dimensional 
flow  behind  a  moving  piston,  whose  theoretical  solution  is  well- 
knoown.  The  effectiveness  of  the  scheme  is  assessed,  with  quite 
good  results. 


NUMERICAL  STUDIES  OF  THE  MINIMIZATION  OF  THE  ELECTROSTATIC 
INTERACTION  ENERGY  OF  CONFINED  POINT  CHARGES.  William  H.  Ingham. 
Dept,  of  Physics,  and  H.  Edward  Donley*,  Dept,  of  Mathematics  and 
Computer  Science,  James  Madison  Univ.,  Harrisonburg,  VA  22807* 
Results  are  presented  on  configurations  which  minimize  the 
electrostatic  energy  of  various  numbers  of  identical  point  charges 
confined  to  given  regions  of  dimensionality  1,  2,  and  3.  The 
effect  of  introducing  uniformly  distributed  "background"  charge  of 
opposite  sign  is  discussed. 

CALLISTO  AND  THE  ORBITAL  EVOLUTION  OF  THE  GALILEAN  SATELLITES  OF  JUPITER. 
Kenneth  C.  Jacobs,  Dept,  of  Physics,  Hollins  College,  Roanoke,  Va.  24020. 
Callisto  orbits  Jupiter  in  a  period  which  is  only  slightly  less  than  (7/3) 
that  of  Ganymede.  Given  that  Ganymede  is  slowly  receding  from  Jupiter  at  a 
rate  of  P/P  =  +  2xl0“10  yr-l,  this  implies  that  all  four  Galilean  satellites 
were  near  exact  orbital  resonance  lock  about  20  million  years  ago.  This  time- 
scale  is  corroborated  by  independent  data  on  the  apsidal  acceleration  of  the 
conjunctions  of  the  "Laplace"  satellites  (Io,  Europa,  and  Ganymede).  The 
implications  for  Io's  vulcanism,  small  Jovian  tidal  torques,  the  orbital 
evolution  of  the  "Laplace"  moons,  and  a  definitive  value  for  the  Earth's 
rotational  deceleration  over  the  past  350  years  are  discussed. 

FIELD  IONIZATION  AND  FORCED  AUTOIONIZATION  OF  LI„  G.R.Janik,  O.C. Mullins, 

C. R. Mahon  ,  T.F. Gallagher,  Dept,  of  Physics,  Univ.  of  Va.,  Charlottesville, 
Virginia  22901.  Bound  Li^  rydberg  states  can  be  ionized  by  fields  much  smaller 
than  expected  for  direct  field  ionization.  This  is  shown  to  be  due  to  forced 
autoionization.  For  rydberg  states  of  low  rotational  quanta  J*,  the  field 
depresses  the  ionization  limit  of  the  series  converging  to  the  lowest  ro- 
vibrational  Li  level  (v+=0 , J+=0) ,  and  these  low  J*  states  autoionize  into  the 
Stark-induced  continuum.  For  high  J*Gb20),  autoionization  occurs  not  to  the 
lowest  ro-vibrational  Li^,  level  but  to  some  v+=0,Jr>0  where  j"1"  increases  with 
J*.  (Supported  by  National  Science  Foundation  Grant  No.  PHY  84-19375). 
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SZEGO  FORMULAS  FOR  TWO-DIMENSIONAL  FOURIER  ANALY S I S , G . Ka 1 1 i anp u r * , 
Dept,  of  Stat.  Univ.  of  North  Carolina  at  Chapel  Hill  N.C.  27514. 
A.G.  Miamee*,  Dept,  of  Math.  Hampton  Univ. ,  Hampton  VA  23668,  and 
H.  Niemi* ,  Dept,  of  Stat.  Univ.  of  Helsinki,  Helsinki,  Finland. 

The  well-known  Szego  f o r mul a  g i v e s  the  distance  of  l^from  the  span 
closure  of  the  functions  e  ,  n  <  -1  in  the  space  L  (f)  of  all 

square  summable  functions  with  respect  to  the  weight  function  f  as: 

1  (2rJ 

exp (-  \  log  f ( 6 )  d  0 ) 

2tt)o 

When  it  comes  to  two-dimensional  Fourier  series  one  can,  for  exam- 
p!e,  askj 
t ions  e 

formula  for  this  distance  and  other  distances  of  interest  is  ob¬ 
tained. 


or  the 
+  lm  A 


distance  of  1  from  the  span  closure  of 
for  n  <  -1  and  -°°  <  m  <  °°  in  the  space 


the  f unc- 
L  2  (  f  )  .  A 


EMISSION  CHARACTERISTICS  OF  A  150W  2  DIMENSIONAL  PULSED  DIODE  ARRAY.  J.  New. 

S.  Albin  and  Y.  Lakdawala,  Dept,  of  ECE,  Old  Dominion  Univ.,  Norfolk,  VA,  A. 
Inge,  C.  Byvik,  P.  Brockman,  NASA  Langley  Research  Center,  Hampton,  VA.  The 
characteristics  of  a  2D  pulsed  diode  laser  array  used  to  pump  Nd:YAG  and 
Nd:Glass  solid  state  lasers  were  determined.  The  intensity,  field  emission 
pattern  and  emission  spectra  were  measured.  The  threshold  current  was  found  to 
occur  at  approximately  15  amps  with  a  slope  of  approximately  0.55  as  the 
current  was  increased  after  threshold.  An  intensity  of  50W  was  observed  at  26 
amps.  Two  predominant  peaks  were  also  observed  with  regard  to  the  far  field 
emission  pattern  indicating  the  density  of  individual  diode  lasers  contained 
in  the  8-layer,  0.2  sq.  cm  diode  array.  The  emission  spectra  were  measured  at 
18.1  and  15.5°C  which  indicated  a  shift  in  laser  emission  of  approximately 

The  laser  emission  at  18.1°C  was  found  to  occur  at  approximately 

8160  A. 


MOMENTUM  TRANSFER  IN  RELATIVISTIC  HEAVY  ION  COLLISIONS  -  F.  Khan  and  G.  S. 
Khandelwal,  Old  Dominion  University,  Norfolk.  VA  23508,  &  John  W.  Wilson  and 
L.  W.  Townsend,  NASA  Langley  Res.  Ctr.,  Hampton,  VA  23665,  and  John  W.  Norbury, 
University  of  Idaho,  Moscow,  Idaho  83843.  Momentum  (and  Excitation  Energy) 
transfer  in  Heavy  Ion  Collisions  is  investigated  assuming  an  impulsive  excita¬ 
tion  mechanism.  Interaction  Representation  is  used;  in  the  limit  of  t  . 

<<  t  .  .  .  .  ,  it  is  shown  that  momentum  transfer  is  determined00  151011 

nuc  I eomc  motion 

by  the  "Optical  Potential"  of  the  projectile.  Assuming  constant  velocity, 
momentum  transfer  is  transverse  (aPj_).  When  "constant  velocity"  assumption  is 
relaxed,  it  is  shown  how  to  obtain  momentum  transfer  (aP„  )  parallel  to  the 
beam.  (Supported  by  NASA  Grant  NCCI  -  42.) 

Is2  JS  -  Is  npXP  TRANSITIONS  OF  THE  HELIUM  I S0EL ECTR0N I C  SEQUENCE  MEMBERS  UP  TO 
Z  =  30.  F.  Khan  and  G.  S.  Khandelwal,  Old  Dominion  Univ.,  Norfolk,  VA  23508,  & 
J.  W.  Wilson,  NASA,  Langley  Res.  Ctr.,  Hampton,  VA  23665.  Radial  integrals  have 
been  calculated  under  the  one  electron  hydrogenic  model.  Two  different  values 
of  the  effective  charge  parameter,  one  for  the  initial  state  and  the  other  for 
the  final  state,  are  retained  in  these  formulas.  The  model  is  able  to  reproduce 
the  existing  dipole  oscillator  strength  values  with  little  effort.  The  square 
of  the  radial  integral  values  are  given  for  many  ions  for  the  first  time. 
(Supported  by  NASA  Grant  NCCI  -  42.) 


THE  VIRGINIA  JOURNAL  OF  SCIENCE 


71 


THE  REFLECTION  OF  NEAR-IN^ERTIAL  WAVES  FROM  THE  SURFACE  MIXED 
LAYER  OF  THE  OCEAN.  John  Kroll ,  Dept,  of  Math.  &  Stat.,  Old 
Dominion  Univ.,  Norfolk,  VA  23508.  We  define  near-inertial 
waves  as  those  having  a  frequency  much  closer  to  the  Coriolis 
frequency,  f,  than  the  bouyancy  frequency,  N,  (f<<N).  It  has 
been  observed  that  the  horizontal  scale  of  these  waves  seem  not 
to  be  related  to  the  wind  scale,  the  probable  source  of 
generation.  Our  analysis  indicates  that  this  scale  may  be  a 
favored  one  of  the  reflection  and  overreflection  of  these  waves 
from  the  mixed  layer.  Also  these  reflection  characteristics 
should  bear  upon  what  is  called  the  "global"  theory  of  the 
inertial  peak  in  the  internal  wave  spectrum  which  hypothesizes 
that  randomly  generated  internal  waves  propagate  poleward  to 
their  turning  latitude. 

SHAPE  PRESERVING  INTERPOLANTS .  Maria  H.  Lam*,  Dept,  of  Computer  Science, 

Hampton  Univ.,  Hampton,  VA  23668.  Recently  there  has  been  immense  interest  in 
shape-preserving  interpolations.  Most  of  these  algorithms  are  quite  involved. 

H.  McLaughlin  has  proposed  a  simple,  local  method  to  generate  interpolants 
which  preserve  the  monotonicity  and  convexity  of  the  given  data.  F.  Fritsch  and 
J.  Butland  have  proposed  a  method  to  select  values  of  derivatives  at  data 
points  such  that  local  monotone  piecewise  cubic  interpolants  will  be  obtained. 
These  two  methods  are  implemented  by  using  computer  algebra  SMP.  They  are  appl¬ 
ied  to  several  sets  of  data.  Curves  produced  by  these  two  methods  are  compared. 
Some  of  their  properties  are  discussed.  (Supported  by  NASA  under  grant  NAG-1- 
415) 

SCANNING  TUNNELING  MICROSCOPY!  DIRECT  IMAGING  OF  ATOMS  AND  ELEC¬ 
TRONIC  STRUCTURES  ON- SURFACES .  William  W.  McNairy*,  R.V.  Coleman*, 

C.G.  Slough*,  B.  Giambattista*  A.  Johnson*,  Dept,  of  Physics, 

Univ.  of  Va.,  Charlottesville,  Va.  22903,  S.  P.K.  Hansma*,  B.  Drak^ 

UCSB,  Santa  Barbara,  Calif.  93106.  In  recent  years  the  discovery 
and  rapid  development  of  Scanning  Tunneling  Microscopy  (STM)  has 
led  to  the  direct  imaging  of  surface  electronic  states  with  better 
than  atomic  resolution  (1  A).  At  UVa  we  have  studied  materials 
with  large  scale  temperature  dependent  electronic  structure  at  293, 

77, and  4  K  with  STM.  We  have  examined  atoms  and  Charge  Density 
Waves  ( CDWs )  in  transition  metal  chalcogenide  compounds.  The  lay¬ 
ered  IT  and  2H  phase  dichalcogenide  materials  have  transition 
temperatures  above  and  below  77  K;  thus  we  have  imaged  both  atomic 
and  CDW  structures  and  defects  in  these  compounds.  The  anomalous 
CDW  amplitudes  seen  suggest  a  dependence  not  solely  upon  electron¬ 
ic  density.  Recently  we  have  been  studying  the  linear  trichalco- 
genide  compounds  which  have  CDW  components  along  the  chain  axes; 
we  hope  to  study  transport  properties  of  the  CDWs  in  the  future. 
(Supported  by  U*S.  DOE  and  NSF  grants) 

CHAOS  IN  A  SIMPLE  SYSTEM.  Laura  Peterson  and  Dorn  Peterson, 

Dept,  of  Physics,  James  Madison  Univ.,  Harrisonburg,  VA  22807. 

One  of  the  last  great  unsolved  problems  of  classical  physics  is 
the  problem  of  understanding  turbulence.  In  the  last  fifteen 
years  physicists  have  finally  started  to  make  some  progress 
toward  an  understanding  of  turbulence.  In  particular,  emphasis 
has  been  placed  on  the  study  of  systems  just  at  the  point  when 
they  are  changing  from  being  deterministic  (i.e.  they  are  totally 
predictable)  to  being  slightly  indeterministic.  The 
indeterministic  systems  are  called  chaotic  (even  though  the 
behavior  of  the  system  may  still  be  largely  predictable).  We 
have  built  a  simple  apparatus  which  demonstrates  the  transition 
to  chaos  in  a  couette  flow  system.  We  will  discuss  this 
apparatus  and  how  it  might  be  used  in  a  physics  advanced 
laboratory  course. 
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SOLUTIONS  OF  TWO  CHAMBER  MODEL  FOR  SCRAPE-OFF  REGION  IN  TOKAMAKAS . 
Alkesh  Punjabi  and  John  Georges,  Dept,  of  Math,  Hampton  University 
Hampton,  VA  23668.  Two  Chamber  Model  for  scrape-off  layer  in 
tokamaks  with  poloidal  divertor  is  set  up.  The  pumping  fraction 
and  plasma  density  in  divertor  chamber  are  treated  as  control  para¬ 
meters.  With  this,  equations  for  the  temperatures,  sound  speeds, 
and  edge  plasma  density  are  obtained.  These  equations  are  solved 
analytically.  It  is  seen  that  discontinuous  changes  in  the  plasma 
parameters  can  occur  as  a  result  of  small  changes  in  control  para¬ 
meters.  The  Two  Chamber  Model  used  here  is  the  one  based  on  the 
Flux-Limited  theories. 


TRANSONIC  INVISICID/ LAMINAR  VISCOUS  INTERACTION  OVER  AIRFOILS  WITH 
MASS  AND  HEAT  TRANSFER.  Ram  B .  Ram ,  Dept,  of  Math.,  Hampton  Univ. , 
Hampton,  VA  23668.  With  the  current  interest  in  the  design  of 
transatomospher ic  vehicles,  maneuvering  re-entry  vehicles,  orbital 
transfer  vehicles  and  smaller  space  shuttles,  there  has  been  an  in¬ 
creased  interest  within  the  aerospace  community  in  a ero t hermo dyna¬ 
mic  problems  associated  with  hypersonic  flight.  Hypersonic  flow 
regions  of  v is co us / inv is i c id  interaction  in  laminar  and  turbulent 
flows  represent  one  of  the  most  taxing  group  of  aerothermal  pro¬ 
blems  for  the  designer  of  more  complex,  sophisticated  and  more 
efficient  vehicles  and  certainly  are  the  most  difficult  to  predict 
in  detail  with  accuracy.  The  severity  of  the  gradients  in  heat 
transfer  and  pressure,  coupled  with  the  intrinsic  unsteadiness  of 
separated,  turbulent  regions  of  shock  wave/boundary  layer  inter¬ 
action  make  the  computation  of  such  flows  one  of  the  most  challeng¬ 
ing  in  high  speed  flows.  This  paper  addresses  only  transonic  flow 
regions  of  v is co us / invis ic id  interaction  in  laminar  flow  that 
accounts  for  the  severity  of  the  gradients  in  heat  transfer  and 
pressure  . 

NEW  METHOD  FOR  THE  DETERMINATION  OF  THE  FLUORESCENCE  AND  ABSORPTION  SPECTRA  OF 
FIBER  SINGLE  CRYSTALS.  M..  Raszaei -Kojani ,  M.  Buoyfraz,  U.  Farrukh,  Hampton 
Univ.,  Hampton,  VA,  A.  Inge,  M.  Buoncn sti ani ,  C.  Byvik,  NASA  Langley  Research 
Center,  Hampton,  VA.  We  describe  a  new  technique  for  measurements  of  the 
emission  and  absorption  spectra  and  of  fluorescence  lifetime  made  on  fibers  of 
Sapphire,  YALO,  and  Spinel  each  doped  with  Titanium.  The  fibers  were  grown  at 
the  Stanford  University  Center  for  Materials  Research  by  a  laser  heated 
pedestal  growth  method  and  were  about  1  mm  in  diameter  and  5  cm  long.  Two 
parallel  faces  were  polished  parallel  to  the  axis  of  the  fiber  axis  and  light 
from  a  broadband  source  and  a  laser  were  injected  perpendicular  to  the  axis 
along  the  length  of  the  fiber.  Light  emerging  from  the  end  of  the  fiber  was 
analyzed.  Analysis  of  the  data  indicates  this  new  technique  can  provide  rapid 
characterization  of  the  optical  properties  of  single  crystal  insulating  fibers. 

DIODE  LASERS  IN  FREQUENCY  MODULATION  SPECTROSCOPY,  Haris  Riris,  Dept,  of  Physics, 
Univ.  of  Va. ,  Charlottesville,  VA  22901.  Frequency  modulation  spectroscopy  is 
an  elegant  and  highly  sensitive  form  of  absorption  spectroscopy.  The  use  of 
inexpensive  diode  lasers,  which  can  easily  be  modulated  at  a  few  GHz,  has  made 
frequency  modulation  spectroscopy  a  very  powerful  tool  in  studying  atomic  and 
molecular  spectra  in  the  near-IR  region  as  is  demonstrated  by  this  study  of 
water  vapor  lines. 
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MODELING  THE  DYNAMICS  OF  TITANIUM  DOPED  SAPPHIRE  LASERS 

Lila  F.  Roberts  &  John  J.  Swetits*,  Department,  of  Mathamatics,  Old  Dominion  Univ.,  Norfolk, 
Va.,  A.  M.  Buoncristiani,  Christopher  Newport  College,  Newport  News,  Va.,  C.  E.  Byvik*, 
NASA  Langley  Research  Center,  Hampton, VA.  We  have  developed  a  model  of  the  dynamics  of  a 
]Tp+:Sapphire  laser  in  order  to  understand  its  injection  seeded,  line  narrowed  operation.  By  taking 
an  average  over  the  spatial  dimension  of  the  lasing  medium  we  obtain  a  system  of  first  order 
ordinary  differential  equations  that  describe  the  evolution  of  the  electron  population  of  a  four  level 
laser  system  and  the  temporal  development  of  the  photon  flux  through  the  medium.  We  have 
analyzed  the  stability  of  this  set  of  equations  and  proved  that  for  any  (integrable)  pump  source  or 
injection  source  the  solutions  are  asymptotically  stable.  Numerical  results  of  a  study  of  the  relative 
timing  between  pump  and  injection  pulses  are  given  and  the  influence  of  parameters  which  are 
difficult  to  measure  are  examined.  Relaxation  oscillations  in  this  system,  leading  to  laser  spiking, 
are  described. 


SADDLEPOINT  APPROXIMATION  FOR  THE  DENSITY  OF  THE  RATIO  OF  TWO 
STATISTICS.  Sanieev  Sabnis  and  N.R.  Chacranty .  Dept,  of  Math,  and 
Statistics,  Old  Dominion  Univ.,  Norfolk,  VA  23508.  Let  {T~,n^l}  be 
an  arbitrary  sequence  of  non-lattice  random  variables  with  charact- 
istic  function  and  let  {Sn,n^l}  be  an  arbitrary  sequence  of 

non-lattice  positive  random  variables  with  characteristic  function 
02n.  Using  a  saddlepoint  technique,  we  obtain  large  deviation 
local  limit  theorems  for  the  ratio  statistics  Rn=Tn/Sn.  We  also 
obtain  similar  results  when  {Tn,n^l}  and  {Sn,n^l}  are  both  lattice 
and  when  one  of  them  is  lattice  and  the  other  is  non-lattice. 

When  Sn=n,  the  above  result  reduces  to  that  of  Chaganty  and 
Sethuraman  (Ann.  of  Probab.,  13,  97-114).  Using  numerical  methods 
and  the  simple  expressions  contained  in  conclusions  of  the  above 
theorems,  one  can  obtain  estimates  of  the  tail  probabilities  for 
ratio  statistics  whose  exact  distributions  are  unknown.  If  the 
characteristic  functions  do  not  have  a  closed  form,  one  can  get 
approximations  for  the  characteristic  functions  as  in  Ronchetti 
and  Easton  (Journal  of  Amer.  Stat.  Assoc. , 81, 420-430)  and  then  use 
the  above  results  to  obtain  the  tail  probabilities.  The  extension 
of  the  above  results  for  random  vectors  is  under  investigation. 


THE  USE  OF  COURSEWARE  AND  OTHER  ANCILLARIES  IN  INTRODUCTORY 
PHYSICS.  Raymond  A_  Serwau.  &  John  R  Gordon.  James  Madison  Univ., 
Harrisonburg,  Va  22807,  &  David~Diiver.  ux'nard  College,  Oxnard,  Ca. 
93033.  In  the  past  few  years  we  have  been  involved  with  the  development 
of  courseware  for  courses  in  introductory  physics.  This  package,  which  is 
intended  as  a  supplement  to  lectures  and  laboratories,  consists  of 
nineteen  programs  and  written  exercises  to  accompany  each  program  The 
software  can  run  on  either  IBM-PC  or  the  family  of  Apple  II  computers. 
Most  study  modules  contain  several  Investigations  which  provide  students 
with  (a)  drill  in  solving  challenging  problems,  (b)  review  of  difficult 
concepts,  (c)  controlled  simulations,  and  (d)  interactive  graphical  and 
numerical  tools.  A  few  example  programs  will  be  presented  at  the 
meeting,  and  possible  methods  of  implementing  this  package  into 
appropriate  courses  will  be  discussed.  Other  ancillaries  which  can  be  used 
in  teaching  introductory  physics  will  be  discussed. 


PENROSE  TILING  AND  QUASICRYSTAL.  Y.  Shen*&  S.  J.  Poon*  Dept,  of  Physics,  Univ. 
of  Va.,  Charlottesville,  Va.  22901.  Quasicrystal s  are  new  ordered  materials 
which  have  orientational  order  and  lack  of  translational  periodicity.  Penrose 
tiling  can  successfully  explain  the  existence  of  icosahedral  symmetry  in  elec¬ 
tron  diffraction  patterns  of  icosahedral  quasicrystall ine  phase.  How  atoms  are 
decorated  in  Penrose  tiles,  however,  is  still  unknown.  We  have  made  a  high  in¬ 
tensity  X-ray  study  of  Al-Cu-Li  icosahedral  quasicrystall ine  phase.  It  is  found 
that  A1  and  Cu  are  in  the  position  of  vertice  and  edge-centers  in  Penrose  tiles. 
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A  STUDY  OF  THE  FOUCAULT  METHOD  OF  MEASURING  THE  SPEED  OF  LIGHT 
Jonathan  A.  Sialer  and  W.  Guy  Rivers  (Sponsor),  Lynchburg  College. 
Lynchburg,  VA  24501.  The  Foucault  rotating  mirror  method  of 
measuring  the  speed  of  light  was  used  in  an  attempt  to  determine 
the  limiting  features  of  such  measurements  in  a  high  school  physics 
laboratory.  A  laser  was  used  as  a  light  source,  and  a  variety  of 
methods  for  determining  the  rotation  speed  of  the  mirror  were 
studied.  The  precision  of  the  experiment  is  limited  by  the 
accuracy  of  the  measurement  of  the  beam  location,  and  less  by  the 
accuracy  of  the  motor  speed.  The  method  yields  a  value  for  the 
speed  of  light  which  is  about  10V,  larger  than  the  commonly  accepted 
value. 


RECENT  MUON  SPIN  ROTATION  STUDIES  OF  METAL  HYDRIDES  AND  SUPERCONDUCTORS  AT 
BROOKHAVEN  NATIONAL  LABORATORY.  C.  E.  Stronach,  Dept,  of  Physics,  Va.  State 
Univ. ,  Petersburg,  Va.  23803;  W.  J.  Kossler*,  H.  E.  Schone*,  J.  R.  Kempton* 
and  X.  H.  Yu*,  Physics  Dept.,  Cel.  of  William  &  Mary,  Williamsburg,  Va.  23185; 
Y.  J.  Uemura*,  Physics  Dept.,  Brookhaven  Nat.  Lab.,  Upton,  N.Y.  11973. 

Muon  spin  rotation  experiments  have  been  done  at  the  Alternating  Gradient 
Synchrotron  on  ZrH^^,  La-^  g^Sr^  -^^CuO^  and  CeCt^Si^.  The  ZrH^  04  study  found 
that  y+  implanted  in  it  depolarize  at  a  rate  A  =  0.21  ±  0.01  ys~^  from  9.4  K 
to  299  K.  This  suggests  that  at  this  H  concentration  the  p+  primarily  occupy 
octahedral  sites,  being  unable  to  reach  a  vacant  preferred  tetrahedral  site  on 
the  H  sublattice.  Lai . 85Sr0. 15Cu04  undergoes  a  transition  to  the  superconduct¬ 
ing  state  at  37  K.  We  used  vrSR  to  measure  a  magnetic  penetration  depth  of 
X  =  2000  A  at  T  =  10  K  and  a  superconducting  carrier  density  n  =  3  x  lO^l  cm‘T 
CeCu2Si2,  a  heavy-fermion  superconductor,  displayed  an  ordered  magnetic  field 
of  about  100  gauss  at  T  =  0.35  K,  which  is  below  Tc.  (These  studies  were 
supported  in  part  by  NASA  grant  NAG  1-416,  NSF  grant  DMR  8503223  and  DOE  con¬ 
tract  76-AC02-CA00016. ) 


ELECTRONIC  PROPERTIES  OF  SOLIDS  THROUGH  INELASTIC  ELECTRON  SCATTERING. 

C.  Tarrio*  S.E.  Schnatterly?  Dept,  of  Physics,  Univ.  of  Va.,  Charlottesville, 
Va  22901.  Inelastic  electron  scattering  (IES)  provides  a  useful  probe  of  the 
electronic  and  optical  properties  of  materials.  The  University  of  Virginia  is 
equipped  with  a  300-keV  IES  accelerator  designed  for  this  purpose.  We  will 
discuss  details  of  the  spectrometer  and  present  some  recent  data  taken  on 
silicon  samples. 


ASSESSING  THE  EFFECTIVENESS  OF  THE  PHYSICS  MAJOR  PROGRAM. 

IL _ R  •  Taylor,  Jr .  ,  Dept,  of  Physics,  and  T.  Dary  Erwin*,  Office 

of  Student  Assessment,  James  Madison  University,  Harrisonburg,  VA 
22807.  In  response  to  recent  state  mandates  which  require 
assessment  of  students'  learning,  the  Physics  Department  at  James 
Madison  University  has  participated  this  year  in  the  University's 
assessment  of  selected  academic  programs.  The  process  which 
occurred  in  assessing  the  physics  program  will  be  reviewed. 
Problems  will  be  presented  in  convening  faculty  agreement  on 
educational  goals  and  in  writing  an  appropriate  test.  Problems 
will  be  discussed  about  eliciting  voluntary  student  participation 
for  testing  and  about  using  quantitative  testing  measures  to 
identify  program  strengths  and  weaknesses. 


NEMESIS  AND  PLANETARY  MOTION:  A  NUMERICAL  APPROACH.  David  A.  Templeton  and 
G.  E.  Copeland,  Dept,  of  Physics,  Old  Dominion  Univ.,  Norfolk,  Va.  23508. 

In  an  attempt  to  corroborate  the  tentative  existence  of  the  solar  companion 
star  Nemesis,  a  numerical  simulation  of  the  solar  system  in  collision  with  a 
brown  dwarf  was  implemented  in  Fortran  on  an  FPS-164  11  Mega-flop  64  bit 
attached  processor.  Orbital  elements  of  outer  planets  were  examined  over  a 
span  of  several  hundred  thousand  years  as  a  function  of  several  proposed 
impact  parameters  of  Nemesis.  The  discoveries  which  have  led  to  the  proposal 
of  Nemesis  are  briefly  summarized  before  the  numerical  simulations  are 
explained  in  detail. 
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CR:ND:GSGG  AS  A  CANDIDATE  FOR  SOLAR-SIMULATOR-PUMPED  SOLID  STATE  LASER. 

D.  D.  Venable,  J.  H.  Lee*,  and  Lamarr  Brown,  Department  of  Physics,  Hampton 
University,  Hampton,  VA  23668.  We  have  conducted  prel iminary  tests  on  the  use 
of  Cr:Nd:GSGG  as  a  possible  candidate  for  a  solar-simulator-pumped  solid  state 
laser.  We  utilized  a  commercial  flashlamp  pump  source  to  determine  threshold 
conditions  for  lasing  Cr:Nd:GSGG.  The  system  was  charged  with  a  25  microfarad 
capacitor  that  delivered  typically  8  -  50  J  of  energy  to  the  flashlamp.  The 
resulting  pumping  light  was  determined  to  be  approximately  1  -  10  J  and  had  a 
temporal  duration  of  approximately  200  microseconds.  We  determined  lasing 
threshold  to  occur  at  approximately  1  -  2  J  for  our  system.  The  corresponding 
eguivalent  solar  irradiance  is  on  the  order  of  1000  solar  constants.  These 
results  indicate  a  high  probability  of  lasing  with  commercially  available 
solar  simulators.  We  have  also  conducted  simi  1  ar tests  wi th  Nd:YAG  and  have 
found  the  Cr:Nd:GSGG  to  have  a  lasing  threshold  somewhat  lower  than  that  for 
NdrYAG.  This  research  is  supported  by  NASA  Grant  NAG- 1-400. 

*NASA  Langley  Research  Center,  Hampton,  VA  23665 


ANGULAR  MOMENTUM  RECOUPLING  USING  THE  LISP  SYMBOL  MANIPULATION 
LANGUAGE.  H.  Thomas  Williams  and  John  D.  Boiler*,  Department  of 
Physics,  Washington  and  Lee  University , Lexington,  VA  24450. 

Angular  momentum  is  an  important  quantity  in  both  classical 
and  quantum  physics  due  to  its  status  as  a  fundamental  conserved 
quantity.  In  quantum  theory,  quantization  of  total  angular 
momentum  and  its  vector  components  transforms  the  problem  of 
addition  of  angular  momentum  vectors  into  a  complicated  mathe¬ 
matical  procedure.  Calculation  of  quantum  amplitudes  in  molec¬ 
ular,  atomic,  nuclear,  and  particle  physics  typically  include 
angular  momentum  recoupling  algebra  as  a  straightforward,  but 
tedious  part  of  the  evaluation.  Progress  has  been  made  in  using 
the  LISP  (List  Processing)  language  to  symbolically  solve  the 
recoupling  problem,  making  use  of  IBM  PC  compatible  software. 
The  limitations  of  the  present  solution  and  the  degree  to  which 
solutions  are  optmimal  will  be  discussed. 


Biology 

UTILIZATION  OF  SISTER  CHROMATID  EXCHANGE  (SCE)  ANALYSIS  TO 
EVALUATE  THE  EFFECT  OF  CAFFEINE  ON  V79  CHINESE  HAMSTER  LUNG 
CELLS.  Paris  L.  Auerbach  &  Dr.  Joseph  P.  Chinnici,  Dept,  of 
Biol.,  VA  Commonwealth  Univ.,  Richmond,  VA  23234.  Previous 
studies  using  Drosophila  melanogaster  have  indicated  that 
caffeine  has  a  protective  effect  against  aflatoxin  B1  induced 
larval  mortality.  We  wish  to  determine  whether  caffeine  has  a 
similar  effect  in  a  mammalian  system.  In  this  study,  we 
demonstrate  that  increasing  concentrations  of  caffeine 
significantly  increase  SCEs  in  V79  cells  in  tissue  culture.  SCE 
analysis  was  used  to  measure  cell  toxicity  directly. 
Fluorescence  plus  Giemsa  (FPG)  Technique  was  employed  which 
involved  the  differential  staining  of  chromatids  to  observe  SCEs, 
using  5-bromo-2-deoxyuridine  (BrdU)  to  replace  thymidine  during 
DNA  synthesis.  Further  studies  will  measure  the  effects  of  AFB1 
alone  and  various  caf f eine-AFBl  combinations  on  SCE  induction  in 
this  system. 
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PROTEIN  PATTERNS  OF  THE  TOADFISH  SWIMBLADDER.  Michelle  Awad , 
Michael  L.  Fine  and  Richard  R.  Mills,  Dept,  of  Biol.,  Va.  Common¬ 
wealth  Univ.,  Richmond,  Va .  23284.  After  homogenization  in  de¬ 
ionized  water,  the  whole  cell  homogenate  was  centrifuged  at 
10,000  g  for  10  minutes.  The  supernatant  or  soluble  protein 
fraction  was  subjected  to  molecular  sieve  chromatography  on  P-100 
polyacrylamide  gel.  The  first  peak  which  consisted  of  protein 
greater  than  60  K  daltons  was  chromatographed  on  a  diethyl  amino 
ethyl,  DEAE,  anion  exchange  column.  Elution  was  with  tris-ace- 
tate ,  pH  7.6.  Four  major  fractions;  a  neutral  or  positive  fract¬ 
ion,  a  weakly  negative  fraction,  a  negative  fraction  and  a  highly 
negative  fraction  were  eluted.  All  of  the  soluble  proteins  from 
each  purification  step  have  been  or  are  presently  being  electro- 
phoresized  on  polyacrylamide  gel,  PAGE.  Analysis  of  these  pro¬ 
tein  patterns  may  show  quantitative  or  qualitative  differences 
in  swim  bladder  soluble  proteins  when  male  and  female  organs  are 
compared . 


HIM  bNutPUL  BREL 1 EG  Lit  GRfcLiAL  LUNLERNs  t  HE  FEDERALLY  ENDANGERED 
ViKGiNiA  F KINGED  MOUNTAIN  GNAiL  * toj^ygyr i scus  vi rgi ni anus )  . 

RQbert  E.  batie,  Dept.  of  bioi. ,  Hadtord  Univ. ,  Radford,  Va. 
24142.  The  burrowing  helicodiscid  land  snail  PQLygyri scus 
yirgiQianus  Cburch,  194/)  was  first  collected  in  1937  along  the 
banks  of  the  New  River  in  Pulaski  County,  Virginia.  Of  the  146 
known  specimens  collected  since  1937,  only  27  have  been  living. 
Prior  to  becoming  protected  as  a  Federally  Endangered  Species  in 
i9/d,  23  of  the  living  snails  were  preserved.  Although  4  living 
adults  nave  been  sighted  in  the  field  since  i98i,  no  living 
juveniles  have  been  observed  since  1971. 

Living  snails  have  been  documented  from  only  2  sites  along  a 
70  m  stretch  o+  the  New  River  bluffs.  Live  snails  have  been 
collected  from  a  depth  of  10  cm  (4  in)  to  45  cm  (1  1/2  ft)  in 
loose,  damp,  dolomitic  limestone  talus  mixed  with  rootlets  and 
clay. 


THE  COMPUTER  CATALOGING  OF  VERTEBRATE  STUDY  SPECIMENS.  Mark  L . 

Natural  Sciences  Div.,  Northern  Va.  Cmnty.  Col., 
Annandale,  VA  22003.  The  vertebrate  study  specimen  holdings  of 
NVCC  were  cataloged  by  the  use  of  a  personal  computer  (PC) 
program.  The  purpose  was  to  place  the  data  from  the  study 
specimens  into  a  format  for  easy  retrieval.  Information  from  the 
specimen  is  placed  into  19  separate  data  fields.  These  include 
fields  such  as  scientific  name,  common  name,  ISIS  number, 
locality,  date,  collector,  sex,  standard  measurements,  etc.  This 
allows  for  searching  or  sorting  of  data  by  any  one  or  combination 
of  several  data  fields.  The  data  base  can  be  manipulated  to 
supply  specifically  desired  information.  The  pro-gram  allows  for 
the  custom  design  of  printouts.  This  can  be  in  the  form  of 
reports  or  labels.  Examples  of  reports  might  include  simple 
lists,  annual  reports  on  State  Collection  Permit  activity, 
reports  on  distributional  or  temporal  occurrence  of  species  and 
more.  The  program  used  was  an  inexpensive,  generally  available 
(user  supported)  program  for  the  IBM  compatible  PC.  This  project 
was  funded  in  part  by  the  Clifford  James  Memorial  Scholarship. 
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LEAST  TERN  POPULATION  TRENDS  IN  VIRGINIA.  Ruth  A.  Beck,  Dept,  of  Biology, 
College  of  William  and  Mary,  Williamsburg,  VA  23185.  J .  William  Akers , 
Charlottesville,  VA  22901.  Small  scattered  colonies  of  the  least  tern, 

Sterna  albrif rons ,  occur  along  the  beaches  of  the  barrier  islands  of  the 
Eastern  Shore  of  Virginia.  Colonies  also  occur  in  Tidewater,  Virginia  at 
Grandview  Beach  in  Hampton  and  at  Craney  Island  in  Portsmouth.  Survey  data 
has  been  gathered  for  ten  consecutive  breeding  seasons  on  the  geographic 
locations  and  population  trends  of  the  least  tern.  A  discussion  of  the  survey 
data  and  its  implications  will  be  presented.  Management  strategies  to  protect 
nesting  habitat  from  development  and  disruption  during  the  breeding  season  are 
recommended  for  the  continued  success  of  least  terns  in  Virginia. 


INTERACTIONS  BETWEEN  NESTING  PIPING  AND  WILSON’S  PLOVERS  IN  VA . 
Peter  Bergstrom,  Biology  Dept.,  Washington  &  Lee  University, 
Lexington,  VA.  24450  &  Karen  Terwilliger,  VA  Comm.  of  Game  & 
Inland  Fisheries,  Richmond,  VA  23230.  Virginia  represents  an 
area  of  breeding  sympatry  where  the'  piping  plover  reaches  the 
southern  extent  of  its  range  and  the  Wilson’s  plover  reaches  its 
northernmost  range.  Observations  of  seven  piping  and  12  Wilson’s 
nests  on  Metompkin  Island  were  made  during  three  breeding  seasons 
from  1983-1985.  Nest  site  fidelity  was  documented  for  one  pair 
of  banded  piping  plovers  and  another  pair  nested  in  almost  the 
same  location  all  three  years.  Distances  between  piping  plover 
nests  and  Wilson’s  nests  were  measured  .  Piping  plover  nests 
were  significantly  closer  to  a  Wilson’s  nest  than  they  were  to 
another  piping  nest  (P  <  0.05).  Deviations  from  random  disper¬ 
sion  on  the  1.6  ha  of  suitable  plover  nesting  habitat  were 
highly  significant  (P  <  0.0001).  Aggressive  behavior  between  the 
two  species  consisted  pr imar i ly  of  piping  plovers  chasing  Wil¬ 
son’s  plovers  but  several  parallel  run  displays  were  observed. 
Piping  plovers  were  also  agressive  to  other  shorebirds. 


SMALL  MAMMALS  AND  THEIR  HABITATS  IN  THE  DISMAL  SWAMP.  Henry  Boswell  III 
and  R.  K.  Rose,  Dept,  of  Biol.  Sci.,  Old  Dominion  University,  Norfolk,  VA 
23508.  Using  pitfall  traps  consisting  of  #10  cans  half-filled  with  water 
and  formaldehyde,  small  mammals  were  trapped  in  a  range  of  habitats  in  the 
Dismal  Swamp.  Forty-two  shrews  of  four  species  were  collected,  with 
southeastern  shrews  being  numerically  dominant,  and  the  eastern  harvest 
mouse  ( Reithrodontomys  humul is )  was  the  most  common  of  the  29  cricetine 
rodents  that  were  taken.  In  all,  8  species  of  small  mammals  were 
collected,  with  highest  densities  occurring  along  the  roadways.  This 
study  confirms  that  shrews  tend  to  dominate  the  small  mammal  fauna  of  the 
Dismal  Swamp,  particularly  in  forested  habitats. 


PRESENCE  AND  DISTRIBUTION  OF  IMMUNE  SYSTEM  COMPONENTS  IN  THE  UTERUS  OF  PREGNANT 
CD-I  MICE.  Verna  C.  Boos  and  Carolyn  M.  Conuiay,  Dept,  of  Biology,  VA 
Commonwealth  Univ.,  Richmond,  VA  23284.  The  presence  and  distribution  of 
immunoglobulin  G  (igG)  and  complement  factor  3  (C3)  at  8  -  1 3  days  of  gestation 
were  studied  in  gravid  uteri  fixed  by  vascular  perfusion  with  cold  buffered 
paraformaldehyde.  Individual  implantation  sites  were  washed  in  buffered  30% 
sucrose  and  embedded  in  glycol  methacrylate.  Cross  sections  (2  p)  were  stained 
using  either  peroxidase  labelled  goat  antimouse  IgG  (P-GAM-IgG)  or  peroxidase 
labelled  goat  antimouse  C3  (P-GAM-C3).  Staining  with  P-GAM-IgG  was  extensive  in 
most  maternal  tissues  including  the  decidua  basalis,  decidua  capsularis,  and 
myometrium.  Among  embryo  derived  tissues  the  yolk  sac  and  trophoblastic  giant 
cells  of  the  placenta  stained  the  most  intensely  with  P-GAM-IgG.  Staining  with 
P-GAM-C3  was  observed  in  maternal  blood  spaces,  on  the  endothelium  of  blood 
vessels,  in/on  the  endometrial  epithelium,  and  in  some  trophoblastic  giant 
cells.  Implantation  sites  which  demonstrated  good  positive  staining  for  IgG 
were  further  subjected  to  IgG  subclass  determination  using  biotinylated  rabbit 
antimouse  IgGI ,  2a,  or  2b  followed  by  a  peroxidase  labelled  avidin-biotin 
complex.  IgGI  and  IgG2b  appeared  to  be  the  predominant  subclasses  in  most 
maternal  and  embryo-derived  tissues. 
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PURIFICATION  OF  DOPAMINE  METABOLITES  FROM  THE  CUTICLE  OF  THE 
AMERICAN  COCKROACH.  Robert  W.  Carneal ,  R.  M.  Ottenbrite  and 
R.  R.  Mills,  Dept,  of  Biol.,  Va.  Commonwealth  Univ. ,  Richmond, 

Va.  23284.  Sclerotization  of  insect  cuticle  requires  three  di- 
phenolic  compounds;  dopamine,  N-acetyl  dopamine  and  N-beta  ala- 
nyl  dopamine.  The  percentage  of  the  three  determines  the  color¬ 
ation.  Synthesis  of  the  dopamine  derivatives  occurs  primarily 
in  the  fat  body.  Incubation  of  the  14C-dopamine  with  crude  hom¬ 
ogenates  results  in  a  large  array  of  metabolites  as  seen  on  rad- 
iopaperchromatograms .  Partial  enzyme  purification  by  molecular 
sieve  chromatography  and  the  addition  of  specific  cofactors  re¬ 
sults  in  defined  enzyme  analysis.  Radiolabelled  beta  alanine 
and  cold  dopamine  produce  a  labelled  peak  at  the  Rf  value  of  0.1 
in  benzene-acetic  acid-water  and  at  the  Rf  value  of  0.24  in  but¬ 
anol-acetic  acid-water.  These  Rf  correspond  to  authentic  N-beta 
alanyl  dopamine.  Both  N-beta  alanyl  dopamine  and  N-acetyl  dopa¬ 
mine  are  produced  by  fat  body  tissue  culture  when  the  appropriate 
substrates  and  cofactors  are  used. 


A  SEARCH  FOR  MEIOTIC  MATERIAL.  Nannette  Carpenter,  Ed  Brandt,  Shenandoah  Col., 
Winchester,  Va.,  22601.  The  project  was  confined  to  animals  commonly  available 
from  commercial  biological  supply  companies.  Grass  frogs,  newts,  salamanders, 
and  congo  eels  (Amphiuma)  were  utilized.  In  addition,  goldfish  were  purchased 
locally  and  male  grasshoppers  were  collected.  Two  different  fixatives  and 
three  biological  stain  combinations  were  used.  Squash  preparations  were  done 
on  all  of  the  testicular  tissues.  Only  one  of  the  "common  commercial  sources" 
generated  quality  chromosomal  squashes.  The  shortcoming  was  the  difficulty  of 
finding  the  useful  regions  in  the  rather  long  Amphiuma  testis.  A  variety  of 
reasons  may  account  for  the  lack  of  meiotic  activity  from  the  other  commer¬ 
cially  obtained  tissues.  For  classroom  use  the  tissue  that  was  the  most  con¬ 
sistent  in  yielding  meiotic  activity  was  from  the  grasshopper.  While  the 
chromosomes  may  not  be  as  striking  as  in  Amphiuma ,  one  is  much  more  likely 
to  obtain  useful  slides.  The  quantity  of  material  used  per  slide  is  easily 
controlled.  These  advantages,  along  with  their  availability,  compensate  for 
the  large  chromosomes  seen  in  Amphiuma . 

PURIFICATION  OF  HEMOLYMPH  PROTEINS  AND  THEIR  INCORPORATION  INTO 
THE  CUTICLE  OF  THE  AMERICAN  COCKROACH.  Peter  Clarke,  T.  D. 
Kimbrough  and  R.  R.  Mills,  Dept,  of  Biol.,  Va .  Commonwealth  Univ., 
Richmond,  Va.  23284.  Cockroach  cuticle  protein  was  used  to  in¬ 
duce  rabbit  antibodies.  Radioimmune  assays  which  precipitated 
leucine-labelled  soluble  proteins  from  various  tissues,  showed 
that  fat  body,  hemolymph  and  cuticle  were  active.  Hemolymph  pro¬ 
teins  are  antigenetically  similar  to  cuticle  proteins.  Tissue 
culture  of  ecdysial  fat  body  with  radiolabelled  leucine  produced 
several  proteins  which  precipitated  with  the  cuticle-induced 
antibody.  Slab  gel  polyacrylamide  gel  electrophoretic  patterns 
were  obtained  for  .fat  body  and  hemolymph  proteins.  A  comparison 
of  the  two  revealed  similar  electrophoretic  mobilities.  The  syn¬ 
thesis,  transport  and  incorporation  of  cuticle  proteins  is  dis¬ 
cussed  in  regard  to  sclerotization. 


THE  VIRGINIA  JOURNAL  OF  SCIENCE 


79 


ANALYSIS  OF  GERMINATION  AND  GROWTH  OF  DORMANT  ASCOSPORES  TREATED  WITH  GAMMA 
RADIATION  AND  HEAT.  Pamela  B,  Cornelius  and  James  E.  Perham,  Dept,  of  Biol., 
Randolph-Macon  Woman's  Col.,  Lynchburg,  VA  24502.  Inactivation  curves  for 
ascospores  of  Podospora  anser ina  exposed  to  varying  doses  of  gamma  radiation 
are  presented.  Since  the  majority  of  ascospores  are  mult inuc leated ,  with  the 
greater  proportion  binucleated,  the  multi-hit  inactivation  curve  suggests  that 
growth  is  nuclear  dependent.  Statistical  analysis  of  the  curve  gives  the 
intersect  of  the  ordinate  at  1.53  by  the  method  derived  for  the  fitting  of 
multi-hit  survival  curves  by  Kimball  (1953).  Thermal  inactivation  of 
ascospore  germination  and  growth  occurs  at  temperatures  above  73  C.  Ascospores 
from  perithecia  formed  on  a  calcium  supplemented  medium  showed  a  higher 
percentage  of  germination  after  treatment  at  elevated  temperatures  than  those 
formed  on  a  medium  without  calcium. 


AN  UNEXPECTED  DECLINE  IN  A  POPULATION  OF  THE  FRESHWATER  MUSSEL,  DYSNOMIA 
(=EPI0BLASMA)  CAPSAEFORMIS  IN  THE  CLINCH  RIVER  OF  VIRGINIA  AND  TENNESSEE. 

SALLY  D.  DENNIS,  Department  of  Biology,  Radford  University,  Radford,  VA 
24142.  Recent  sampling  for  freshwater  mussels  in  the  Clinch  River  at  Kyles 
Ford,  TN  and  Speers  Ferry,  VA  has  revealed  a  drastic  change  in  community 
structure  within  the  past  ten  years.  The  species  Dysnomia  capsaeformis 
which  was  a  dominant  member  of  both  communities,  sampled  in  1973  — 1976_,  has 
all  but  disappeared  from  this  river  reach.  Reasons  for  this  decline  are 
not  known  since  other  endemic  species  do  not  appear  to  have  been  negatively 
impacted.  Most  species  within  the  genus  Dysnomia  have  become  extinct  or 
endangered  within  the  past  50  years. 

STATUS  OF  THE  ENDANGERED  DELMARVA  PENINSULA  FOX  SQUIRREL  IN 
VIRGINIA.  R_;_  D_^  .Du.  e.j>  .e  jr ,  Dept,  of  Environmental  Sciences,  Univ.  of 
Va.,  Charlottesville,  Va.  22903,  &  K.  Terwilliger,  Va.  Commission 

of  Game  and  Inland  Fisheries,  Richmond,  Va.  23230.  The  U.  S.  Fish 
and  Wildlife  Service  recovery  plan  for  SjG  u  r_u  £  nj._ge.ir  cjner  eus^ 
emphasizes  the  need  to  reestablish  populations  throughout  the 
former  range,  including  the  Virginia  Eastern  Shore.  Release  of  30 
squirrels  on  Assateague  Island  ( C h i n c o t e a g u e  National  Wildlife 
Refuge)  in  1968-71  gave  rise  to  a  robust  breeding  population. 
Habitat  conditions  (i.e.,  mature  pine  forest  on  a  low-lying 
barrier  island),  however,  raise  doubts  about  the  security  of  this 
population.  Release  of  24  squirrels  at  Brownsville  Farm  in  1982-83 
was  less  successful.  Seven  animals  remained  on  the  site  in  1983 
and  there  was  breeding  during  1983-84,  but  there  have  been  no 
recaptures  since  November  1984.  Habitat  instability  on  CNWR  and 
uncertainty  about  the  Brownsville  population  confirm  the  need  for 
additional  introductions  if  this  subspecies  is  to  become  secure  in 
Va.  (Supported  by  Va.  Nongame  and  Endangered  Species  Program) 

THE  BIOGEOGRAPHY  OF  FLEAS  IN  EASTERN  UNITED  STATES.  Ralph  P. 
Eckerlin  and  Harry  F.  Painter.  Natural  Sciences  Div.,  Northern  Va . 
Comnty.  Col.,  Annandale,  VA  22003.  Eastern  United  States  is 
depauperate  in  flea  species  compared  to  western  United  States. 
Sixtysix  fleas  are  known  east  of  the  Mississippi  River  while 
almost  250,  about  four  times  as  many,  occur  in  western  U.S.  Along 
a  transect  drawn  from  Florida  to  New  York  the  number  of  flea 
species  increases  from  south  to  north.  Numerous  workers  have 
stated  that  flea  diversity  is  favored  by  low  temperature  and  low 
humidity.  Collection  data  from  Virginia  bear  this  out  in  a  general 
way  also.  The  Coastal  Plain  physiographic  province  has  11  flea 
species,  the  Piedmont  17  and  the  Ridge  and  Valley  Province  26. 

In  eastern  U.S.  eight  fleas  are  introduced  by  man,  five  are  very 
restricted,  being  known  only  from  a  single  site,  26  are  wide¬ 
spread  and  shared  with  the  West.  Ten  species  are  primarily  boreal 
with  a  long  southward  finger  of  distribution  down  the  Appalachian 
Mountains . Rodentia  are  hosts  to  more  than  half  of  the  eastern 
fleas.  The  recently  evolved  flea  families  Ceratophyllidae  and 
Leptopsyllidae  account  for  the  majority  of  the  flea  taxa . 
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DEMOGRAPHIC  FEATURES  OF  RABID  AND  RABIES  SUSPECT  BATS  IN  VIRGINIA.  Carolyn  S. 
Evans*  and  John  F.  Pagels ,  Dept,  of  Biology,  Va.  Commonwealth  Univ. ,  Richmond, 
Va.  2323h .  A  total  of  642  bats  were  submitted  from  1984  to  1986  from  38 
Virginia  counties  to  be  examined  by  the  Department  of  Health,  Division  of 
Epidemiology  for  the  presence  of  rabies  virus.  Of  the  k21  bats  available  to 
us ,  Eptesicus  fuscus ,  Lasiurus  borealis  and  Lasionycteris  noctivagens  represent 
59.8%,  31-6/2  and  2.h%  respectively.  Nycticeius  humeral is ,  Myotis  lucifugus , 
Pipistrellus  subf lavus ,  Myot i s  septentrionalis  and  Lasiurus  cinereus  each 
represent  under  2.0%  of  the  sample.  Fifteen  of  the  1+21  bats,  3-5%,  tested 
rabies  positive;  seven  (l.6%  of  total  sample;  2.8%  of  species)  E.  fuscus ;  seven 
(l.6%;  2.8%)  L.  borealis  and  one  (0.2%;1.6%)  P.  subflavus .  The  entire  sample 
reflected  areas  of  human  population  concentration  and  most  were  taken  in  or 
near  homes.  Based  on  analyses  of  dentition,  metaphyseal  closure  and  measure¬ 
ments  of  the  wing,  less  than  half  were  young  bats.  Of  those  that  were  rabies 
positive,  ten  (66.7%),  were  young  bats. 

PRELIMINARY  RESULTS  FROM  A  NORTHERN  FLYING  SQUIRREL  NEST  BOX  STUDY  IN  VIRGINIA. 
Michael  L.  Fies*,  Va.  Comm.  Game  &  Inland  Fish.,  Staunton,  Va.  24401,  &  John  F. 
Pagels,  Dept,  of  Biol.,  Va.  Commonwealth  Univ.,  Richmond,  Va.  23284.  A  nest 
box  study  was  initiated  to  determine  the  distribution  and  status  of  the  north¬ 
ern  flying  squirrel  (Glaucomys  sabrinus)  in  Virginia.  A  total  of  268  nest 
boxes  were  installed  at  21  locations  throughout  the  western  portion  of  the 
state.  Flying  squirrels  were  captured  at  18  of  the  21  nest  box  locations. 

One  northern  flying  squirrel  and  319  southern  flying  squirrels  (G^.  vol ans) 
were  found  in  77  (29%)  of  the  boxes.  An  average  of  3.2  flying  squirrels  were 
found  in  each  occupied  box.  The  recapture  rate  for  tagged  individuals  was  16%. 
Nest  material  was  found  in  158  (59%)  of  the  boxes  and  the  average  depth  of 
occupied  nests  was  13.5  cm.  The  presence  of  G.  sabrinus  at  an  additional 
nest  box  location  was  confirmed  by  two  specimens  that  were  accidentally  snap- 
trapped  beneath  a  nest  box.  Other  types  of  live-traps  will  be  used  to  augment 
trapping  efforts  in  areas  where  nest  boxes  have  been  ineffective.  (Supported 
by  the  Virginia  Commission  of  Game  &  Inland  Fisheries  Nongame  Wildlife  and 
Endangered  Species  Program  and  the  U.  S.  Forest  Service). 


THE  CORRELATION  OF  OPTIMUM  TEMPERATURE  AND  SEROTONIN  CONCENTRATION  PRODUCING 
MAXIMUM  GASTROINTESTINAL  MOTILITY  IN  TWO  SPECIES  OF  COCKROACH,  L.  MADERAE 
AND  G.  PORTENTOSA.  C.  R.  French ,  R.  R.  Mills  and  T.  D.  Kimbrough,  Dept,  of 
Biol.,  Va.  Commonwealth  Univ.,  Richmond,  Va.  23284.  In  L.  maderae  and  G. 
portentosa ,  the  concentration  of  serotonin-producing  optimum  gastrointesti¬ 
nal  motility  in  L.  maderae  was  27°C  to  36°C  when  perfused  in  a  1  x  10"°M 
solution  of  serotonin  at  24°C.  Frequency  increased  with  temperature  in  both 
insect  species.  Maximal  amplitude  of  contraction  for  G.  portentosa  and  j_ 
maderae  was  established  in  the  temperature  range  of  27°C  to  36°C.  Prepar¬ 
ations  of  guts  for  both  species  have  performed  similarly  in  10‘°M  concen¬ 
trations  of  serotonin  and  between  27°C  and  36°C.  However,  maximum  ampli¬ 
tude  for  J_.  maderae  in  1  x  10“^M  serotonin  was  much  greater,  than  for  G. 
portentosa  in  untreated  saline  although  the  range  for  maximal  amplitude  was 
unchanged.  Peak  patterns  for  L.  maderae  in  10'°M  serotonin  were  much  diff¬ 
erent  than  for  G_.  portentosa  in  untreated  saline.  The  patterns  expressed 
in  J_.  maderae  were  composed  much  more  of  two  and  three  peak  clusters  in  the 
maximal  motility  range  (27°C  to  36°C)  while  in  G_.  portentosa ,  they  appear¬ 
ed  to  be  only  made  of  one  peak. 
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IDENTIFICATION  OF  DIPHENOLS  AND  DIQUINONES  FROM  THE  SCLEROTIZED  CUTICLE  OF 
THE  AMERICAN  COCKROACH.  David  T.  Gdadebo,  R.  M.  Ottenbrite  and  R.  R.  Mills, 

Dept.  Biol.,  Va.  Commonwealth  Univ.,  Richmond,  V a.  23284.  Cockroach  cuti¬ 
cle  proteins  are  cross-linked  by  the  diphenols  :  dopamine,  N-acetyl  dopamine 
ar^d  N-beta  alanyl  dopamine.  These  diphenols  may  cause  sclerotization  by 
binding  proteins  to  the  ring  (ring  sclerotization)  or  to  the  side  chain 
(beta  sclerotization).  Ring  sclerotization  results  in  diquinone  formation 
while  beta  sclerotization  results  in  diphenols  as  the  final  product.  In 
order  to  determine  the  percentage  of  the  two  types  of  sclerotization,  the 
cuticle  has  been  hydrolyzed  and  the  diphenol-diquinone  content  established. 
Cuticles  were  hydrolyzed  in  6N  HC1 ,  neutralized  and  centrifuged.  The  super¬ 
natant  was  chromatographed  on  P-2  polyacrylamide  gel  and  the  small  molecule 
fraction  (0-500  daltons)  obtained.  This  was  subjected  to  AG-50W  x  2  cation 
exchange  which  separated  the  phenol -quinones  from  the  amino  acids.  Subse¬ 
quent  chromatography  on  a  SM-2  or  SM-7  adsorption  column  removed  other  hy¬ 
drophilic  components  and  elution  from  an  SX-8  permeation  column  established 
a  precise  molecular  weight  range.  Affinity  chromatography  on  dihydroxy- 
borylcellulose  separated  the  diquinones  from  the  diphenols. 

LOCAL  SITES  OF  SPECIAL  CONCERN  IN  VIRGINIA.  Richard  L.  Hoffman,  Dept,  of  Biol., 
Radford  University,  Radford,  Virginia  24142.  Localities  or  regions  may  be  of 
special  concern  either  because  they  contain  rare  or  endangered  organisms  or  be¬ 
cause  in  the  lack  of  direct  evidence  they  are  suspected  of  having  such  status. 
The  latter  category  is  no  less  critical,  and  many  places  require  baseline  biotic 
surveys  lest  their  inhabitants  be  jeopardized  or  lost  by  default.  Some  areas  in 
both  categories  are  summarized  and  located  on  state  maps  with  comments  about 
their  claims  for  consideration  in  the  development  of  preservation  or  management 
programs.  Many  of  the  areas  involved  support  more  than  one  organism  of  special 
concern  status.  Locating,  sampling,  and  evaluating  such  sites  will  entail  far 
greater  efforts  and  investment  than  is  currently  being  expended. 

SEROTONIN  CONTENT  AND  PARTIAL  PURIFICATION  OF  SOLUBLE  TERTIARY 
PROTEINS  FROM  THE  COCKROACH  FOREGUT.  Parag  Kanitkar ,  R.  R. 

Mills  and  T.  D.  Kimbrough,  Dept,  of  Biol.,  Va .  Commonwealth 
Univ.,  Richmond,  Va.  23284.  Polyacrylamide  gel  chromatography 
was  used  to  separate  soluble  crop  proteins  from  Periplaneta 
americana .  Fifteen  homogenized  crops  were  placed  on  P-100  and 
P-30  gel  columns  and  the  resulting  protein  fractions  were  anal- 
ized  using  the  Bio-rad  protein  assay.  Both  columns  produced 
larger  second  peaks,  correlating  with  35  pg  and  125  jag  of  pro¬ 
tein,  respectively.  It  is  postulated  that  the  serotonin-binding 
proteins  are  present  in  the  second  peak.  Serotonin  was  measured 
using  an  Aminco-Bowman  Spectrophotof luorometer .  Serotonin  lev¬ 
els  were  approximately  in  the  range  of  10_^M  and  10“-*-®M  in  the 
crop.  Lower  concentrations  of  serotonin  (10~Hm)  were  found  in 
the  hindgut. 

ASPECTS  DF  THE  BIOLDGY  OF  UIRGINIA’S  SEA  TURTLES:  1979-1986.  John 
A.  KBinath* .  J.A.  Musick*,  and  R.A.  BylBS.  Ua  .  Inst,  of  Mar. 

Sci . ,  Col.  of  William  and  Mary.  GlaucBstBr  Paint,  UA .  E306E . 

UIMS  rBSBarchsrs  havB  studied  sBa  turtles  in  the  Chesapeake  Bay 
and  adjacent  waters  since  1979.  Chesapeake  Bay  supports 
populations  of  Juvenile  loggerhead  C  Caretta  carBtta  3  and  Kemp’s 
ridley  C LBpidochBlus  kBmpi 1  sea  turtles  during  summer.  Data  from 
our  aerial  surveys  and  biotelemetry  studies  show  that  turtles 
migrate  From  south  of  CapB  HattBras  and  enter  thB  bay  during 
spring.  Wb  estimate  between  EOOO  and  10000  loggerheads  utilize 
thB  bay  during  summer,  whBTB  thBy  forage  for  abundant  invertebrate 
fauna.  Fifty  to  BOO  turtles  strand  dBad  on  shore  each  year.  At 
least  onB-third  of  thB  deaths  may  bB  attributable  to  human 
activity.  In  fall  thB  turtles  migrate  out  of  the  bay,  and  travel 
along  the  coast  to  south  of  Cape  Hatteras .  ChBsapBake  Bay  is  an 
important  developmental  habitat  for  loggerhead  and  ridley  sea 
turtles . 


82 


THE  VIRGINIA  JOURNAL  OF  SCIENCE 


GLUTAMIC  OXALOACETIC  TRANSAMINASE  ACTIVITY  AND  PARTIAL  PURIFI¬ 
CATION  IN  DROSOPHILA  MELANOGASTER .  Maria  Kiouppis ,  J.  Chinnici, 
T.  D.  Kimbrough  and  R.  R.  Mills,  Dept,  of  Biol.,  Va.  Commonwealth 
Univ. ,  Richmond,  Va .  23284.  Endogenous  levels  of  the  enzyme, 
glutamic  oxaloacetic  transaminase  (GOT)  were  assayed  in  afla- 
toxin-resistant  and  sensitive  strains  of  Drosophila  melanogaster . 
The  resistant  strains  exhibited  a  higher  activity  of  the  GOT 
enzyme  than  the  sensitive  strains.  Partial  purification  of  GOT 
from  the  most  resistant  strain  of  Drosophila  melanogaster  was 
achieved  through  the  use  of  polyacrylamide  molecular  sieve  chrom¬ 
atography  and  DEAE  anion  exchange  columns.  It  appears  that  the 
GOT  enzyme  is  at  least  100,000  daltons  in  molecular  weight  and 
has  either  a  neutral  or  slightly  positive  charge. 


NATURAL  HISTORY  AND  POPULATION  DECLINE  OF  THE  COASTAL  TIGER  BEETLE, 
CICINDELA  DORSALIS  .  C.  Barry  Knisley,  Dept,  of  Biol.,  Randolph- 
Macon  Col.,  Ashland,  VA  23005.  The  ranges  of  two  subspecies  of 
C.  dorsalis  overlap  broadly  in  VA.  C.  d.  media  is  smaller,  with 
greater  elytral  maculation,  and  occurs  on  the  barrier  islands. 

C.  d.  dorsalis  is  larger,  less  maculate,  and  occurs  on  beaches 
within  the  Chesapeake  Bay.  This  latter  subspecies  has  experienced 
dramatic  decline  and  is  now  apparently  extinct  from  most  of  its 
former  range  from  MA  to  NJ.  Its  current  presence  is  limited  to 
several  large  (over  100  indiv. )  populations  and  numerous  small 
populations  in  VA  and  MD.  I  studied  the  natural  history  of  the 
subspecies  in  VA.  Presence  was  correlated  with  sites  with  large 
size,  low  human  and  vehicle  activity,  and  high  exposure  (dynamic 
beaches).  Adults  forage  along  the  water  edge  and  obtain  most  of 
their  food  by  scavenging.  Larvae  occur  in  the  intertidal  zone  and 
are  subject  to  frequent  inundation.  Development  to  the  adult 
stage  requires  two  years.  Larvae  are  probably  most  susceptible  to 
habitat  pertubations .  This  species  in  being  studied  as  endangered. 

PROGRESS  REPORT  ON  STATE  SPECIES  RANKING  ACTIVITIES. 

Virgil  Kop£.  Commission  Game  and  Inland  Fisheries,  Richmond,  VA  23230 
The  Commission  of  Game  and  Inland  Fisheries  has  developed  a  procedure 
for  prioritizing  species  in  relation  to  biological  and  anthropogenic 
threats  to  the  species.  The  objective  of  the  procedure  is  to  identify 
the  species  within  major  taxa  whose  populations  are  most  threatened  or 
for  whom  there  are  apparent  threats  which  need  to  be  studied. 

In  developing  the  procedure,  a  survey  was  made  of  state  agencies  and 
published  reports  to  determine  what  procedures  were  currently  being 
utilized  to  prioritize  species.  The  weighted  criteria  technique  was 
determined  to  be  the  most  desirable.  A  series  of  meetings  with 
commission  personnel  and  consultation  with  various  commission 
contractors  led  to  the  development  of  criteria  and  the  weighing  of  these 
criteria  necessary  for  prioritizing  species.  The  procedure  is  currently 
being  implemented  and  preliminary  results  will  be  presented. 

STATUS  AND  NEEDS  OF  INVERTEBRATE  STUDIES  IN  VIRGINIA.  Michael  Kosztarab,  Dept, 
of  Entomology,  Va.  Polytechnic  Institute  §  State  Univ.,  Blacksburg,  Va.  24061. 

Most  of  the  earlier  faunal  studies  in  Virginia  dealt  with  higher  animals  and  only 
during  the  past  20  years  have  we  paid  more  attention  to  the  invertebrates.  The 
Symposium  on  The  Distributional  History  of  the  Biota  of  the  Southern  Appalachians, 
Part  I.  Invertebrates,  held  in  Blacksburg,  during  1968,  updated  our  meager 
knowledge  on  at  least  9  major  groups  of  invertebrates.  Among  the  estimated 
20,000  insects,  only  the  butterflies  were  monographed  by  1951.  "The  Insects  of 
Virginia"  series  initiated  in  1969  at  Virginia  Tech  dealt  more  comprehensively 
with  30  families  of  insects  and  2  families  of  ticks  by  1979.  Scarcity  of  funds 
for  new  bulletins  curtailed  printing  the  results  of  recent  studies. 
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TRANSLATIONAL  CONTROL  OF  MYOSIN  SYNTHESIS  IN  FUSION-BLOCKED 
SKELETAL  MUSCLE  MYOCYTES.  Keith  E.  Latham  and  I.R.  Konigsberg, 
Univ.  of  Va. ,  Dept,  of  Biol.  Myoblasts  of  the  Japanese  quail 
differentiate  as  mononucleate  "myocytes"  in  a  fusion  impermissive, 
low  Ca2+,  low  mitogen  medium.  These  cells  rapidly  downregulate 
myosin  synthesis  when  refed  a  mitogen  rich,  low  Ca2*  medium.  In 
order  to  understand  those  conditions  which  permit  expression  of  the 
differentiated  phenotype,  we  have  identified  the  level  of  control 
at  which  this  downregulation  is  achieved.  Quantitative 
measurements  of  myosin  heavy  chain  (MHC)  mRNA  abundance  prior  to 
and  following  mitogen  stimulation,  using  a  sensitive  SI  nuclease 
protection  assay,  has  revealed  that  the  MHC  mRNA  abundance  remains 
constant  during  the  period  when  MHC  synthesis  decreases  by  more 
than  705«.  This  indicates  that  a  translational  block  is  responsible 
for  the  abrupt  termination  of  MHC  synthesis.  This  translational 
block  will  be  characterized  further  by  determining  the  distribution 
of  MHC  mRNA  between  polysomal  and  non-polysomal  cell  fractions. 
(Supported  by  NIH  Grant  no.  HD07083-14) 

THE  VIRGINIA  NATURAL  HERITAGE  PROGRAM:  MONITORING  RARE  SPECIES  AND  EXEMPLARY 
COMMUNITIES.  M.  L.  Lipford.  Virginia  Department  of  Conservation  and  Historic 
Resources,  1100  Washington  Building,  Richmond,  VA  23219 

The  Virginia  Natural  Heritage  Program  is  a  joint  contract  venture  between  The 
Nature  Conservancy  and  the  Commonwealth.  The  VANHP  was  established  in  November 
of  1986  making  it  the  43rd  of  46  states  to  install  a  heritage  program.  These 
biological  inventories  collect  and  disseminate  information  on  rare  paints,  ani¬ 
mals  and  natural  communities.  Some  450  species  of  Virginia's  rare  animals  are 
monitored.  Site-specific  biological  data  on  the  occurrences  of  each  species 
are  collected  from  the  literature,  museum  searches,  state  experts  and  other 
secondary  sources;  and  incorporated  into  a  system  of  manual,  map  and  computer 
databases.  The  program  is  also  responsible  for  assigning  ranks  to  each  species 
that  indicate  rarity  at  the  state  and  global  level.  Ranks  are  helpful  in 
ordering  by  importance  those  species  in  need  of  field  status  surveys  and  pro¬ 
tection  efforts.  The  information  is  easily  retrieved  for  users.  The  VANHP 
responds  to  approximately  75  requests  per  month  from  public  and  private  agen¬ 
cies.  The  data  are  also  used  to  set  conservation  priorities  by  identifying 
VA's  finest  natural  areas.  The  program  is  working  closely  with  the  Commission 
of  Game  and  Inland  Fisheries  on  animals  of  special  concern. 


STATUS  AND  DISTRIBUTION  OF  THE  LOGGERHEAD  SHRIKE  IN  VIRGINIA.  David  R.  Luukkonen 
and  James  D.  Fraser,  Dept,  of  Fisheries  and  Wildlife  Sciences,  V a„  Polytechnic 
Inst,  and  St.  Univ.,  Blacksburg,  Va.  24061.  The  loggerhead  shrike,  Lani us 
ludovicianus  was  once  widely  distributed  throughout  the  United  States,  southern 
Canada,  and  into  Mexico.  Population  declines  and  range  contractions  have 
prompted  concern  over  the  status  of  this  species.  In  Virginia,  the  shrike  is  an 
uncommon  year-round  resident.  Breeding  Bird  Survey  data  indicate  that  shrikes 
have  declined  substantially  over  the  past  twenty  years.  If  current  population 
trends  continue,  the  shrike  may  be  extirpated  from  Virginia  in  the  near  future. 

THE  STATUS  OF  THE  MARSH  RABBIT  IN  VIRGINIA.  Kenneth  McCravy  and  Robert  K. 
Rose,  Department  of  Biological  Sciences,  Old  Dominion  University,  Norfolk,  VA 
23508.  The  marsh  rabbit,  Syl vilagus  palustris,  reaches  the  northern  limit  of 
distribution  in  southeastern  Virginia.  Historic  records  in  Virginia  are  from 
the  Dismal  Swamp  (Suffolk),  False  Cape  State  Park,  North  Landing,  Back  Bay 
islands,  and  Pungo  (Virginia  Beach),  and  as  far  west  as  Hog  Island  in  Surry 
County.  Its  present  status  and  distribution  are  unknown,  although  some  marsh 
rabbits  are  taken  each  year  by  hunters  in  southeastern  Virginia.  Elsewhere, 
marsh  rabbits  occupy  wetter  and  brushier  habitats  than  their  near  relative, 
the  eastern  cottontail.  The  objectives  of  the  study  are  to  determine  the 
distribution  of  the  marsh  rabbit  in  Virginia  and  to  learn  what  features  of 
habitat  structure  are  required  by  marsh  rabbits  in  comparison  with  eastern 
cottontails.  Other  information  on  their  predators,  major  foods,  abundance 
(density),  as  well  as  patterns  of  reproduction  probably  also  will  be  obtained 
during  the  course  of  the  study. 
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THE  EFFECT  OF  BURNING  ON  SMALL  MAMMAL  POPULATIONS  IN  A  LONGLEAF/LOBLOLLY 
PINE  ASSOCIATION.  David  McElroy  and  R.  K.  Rose,  Dept,  of  Biological 
Sciences,  Old  Dominion  University,  Norfolk,  VA  23508.  Census  trapping 
has  been  conducted  since  October  1986  in  a  disjunct  sandhill  community  in 
Isle  of  Wight  County,  Virginia.  Transects  of  pitfall,  snap  and  live  traps 
were  used  in  two  forested  areas,  one  of  them  burned  in  March  1986  and  the 
other  not  burned.  By  Apil  1987,  there  was  an  equal  distribution  of  rodents 
and  shrews  in  burned  and  unburned  areas,  indicating  that  reinvasion  of  the 
burned  area  occurred  within  one  year.  Subsequent  burns  will  induce 
changes  in  the  longleaf  pine-turkey  oak  community  and  perhaps  changes  in 
the  small  mammal  fauna  as  well. 


TYROSINE  METABOLISM  BY  THE  FAT  BODY  OF  THE  AMERICAN  COCKROACH. 
Christine  Martin ,  T.  D.  Kimbrough  and  R.  R.  Mills,  Dept,  of  Biol. 
Va.  Commonwealth  Univ. ,  Richmond,  Va.  23284.  Dopa  decarboxylase 
(L-aromatic  amino  acid  decarboxylase)  is  synthesized  de  novo 
after  apolysis  and  peak  activity  occurs  during  the  immediate  post 
ecdysial  period.  Zero  order  kinetics  are  maintained  for  at  least 
40  min  and  the  pH  optima  is  7.6.  The  Km  is/.7*'mM.  Tyrosine  is 
decarboxylated  at  approximately  the  same  rate  as  dopa.  Activity 
was  determined  by  the  production  of  -*-^C02  from  carboxyl-labelled 
dopa.  The  reaction  was  conducted  under  nitrogen  in  Warburg 
flasks.  Dopa  decarboxylase  occurs  primarily  in  fat  body,  hemo- 
cytes  and  serum.  The  activation  and  deactivation  during  the 
cockroach  ecdysial  cycle  is  delineated  and  its  role  in  scleroti- 
zation  is  discussed. 


A  REVIEW  OF  REPTILES  OF  SPECIAL  CONCERN  IN  VIRGINIA.  Joseph  C.  Mitchell 
Dept,  of  Biology,  University  of  Richmond,  VA  23173  and  Christopher  A.  Pague,  Dept, 
of  Biological  Sciences,  Old  Dominion  University,  Norfolk,  VA  23508. 

Thirty  one  of  the  62  species  and  subspecies  of  reptiles,  other  than  sea  turtles, 
known  to  occur  in  Virginia  (12  turtles,  4  lizards,  15  snakes)  have  been  considered  at 
various  times  since  1973  to  be  of  special  concern  (this  includes  endangered,  threatened 
and  status  undetermined).  We  briefly  review  the  historical  sources  of  these  designa¬ 
tions  and  present  a  synopsis  by  species  of  those  currently  being  tracked  by  the  Natural 
Heritage  Program  and  the  Nongame  Wildlife  and  Endangered  Species  Program  in  VA. 
We  consider  the  Virginia  populations  of  the  turtles  Clemmys  insculpta,  Clemmys 
muhlenbergii,  and  Deirochelys  reticularia,  the  lizards  Eumeces  anthracinus  and 
Ophisaurus  ventralis,  and  the  snakes  Crotalus  horridus  (southeastern  VA  form,  formerly 
atricaudatus),  Opheodrys  aestivus  conanti,  Pituophis  melanoleucus,  Regina  rigida,  and 
Virginia  valeriae  pulchra  to  be  in  need  of  our  immediate  evaluation.  (Supported  by 
the  Virginia  Nongame  Wildlife  and  Endangered  Species  Program  and  the  Virginia 
Natural  Heritage  Program). 


EFFECT  OF  SEROTONIN  ON  WATER  TRANSPORT  BY  THE  CROP  OF  THE  AMERI¬ 
CAN  COCKROACH.  Patricia  A.  Morrisette ,  T.  D.  Kimbpough  and  R. 

R.  Mills,  Dept,  of  Biol.,  Va.  Commonwealth  Univ.,  Richmond,  Va . 
23284.  By  using  the  dual  chamber  described  in  previous  reports, 
a  further  analysis  has  been  made  of  serotonin-mediated  transport 
across  the  crop  epithelia  of  the  American  cockroach.  Volume 
changes  were  determined  by  the  isotope  dilution  technique  using 
C-carboxyinulin .  In  this  system,  serotonin  enhances  water 
transport  at  physiological  concentrations  (  1  x  10~6  m) ,  and  in 
the  dehydrated  cockroach  it  promotes  water  loss  from  the  crop 
within  20  minutes.  There  are  subsequent  water  gains  in  the  crop 
after  40  minutes  and  60  minutes,  respectively.  However,  in  the 
hydrated  cockroaches  there  is  water  gain  within  a  20-minute  per¬ 
iod  followed  by  water  losses  at  40  minute  and  60-minute  inter¬ 
vals  . 
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EFFECTS  OF  DOMINANCE/ SUBORDINATION,  ENCOUNTER  SITE,  AND  OLFACTORY  CUES  ON 
BEHAVIOR  AND  SPATIAL  DYNAMICS  OF  MALE  Peromyscus  leucopus  noveboracensis . 

Janet  L.  Norcross  and  C.  Richard  Terman,  Biology  Department,  College  of  William 
and  Mary,  Williamsburg ,  Va.  23185.  Factors  influencing  defense  of  an  area  by 
males  were  studied  in  the  laboratory.  Dominance/subordination  relationships 
established  in  a  neutral  arena  were  stable  and  influenced  the  outcome  of 
subsequent  encounters  between  the  same  males  irrespective  of  the  residence  site 
of  encounter.  Dominants  attacked  subordinates  sooner  in  the  dominate 's 
residence  area  than  when  dominates  were  in  the  subordinate's  home  area.  Sub¬ 
ordinates  entered  dominants'  residence  areas  later  than  dominants  entered 
subordinates'.  While  the  dominance/subordination  relationship  was  relatively 
stable,  lasting  up  to  90  days,  variability  in  behavioral  responses  was  high, 
suggesting  that  viable  alternative  strategies  exist.  (Supported  by  the  Biology 
Department,  College  of  William  and  Mary  and  NSF  Grant  (/PCM8317636)  . 


THE  IDENTIFICATION  OF  THE  THREATENED  SOUTHEASTERN  SHREW  SOREX  LONGIROSTRIS 
FISHERI  USING  MULTIVARIATE  STATISTICAL  TECHNIQUES.  Thomas  M.  Padgett,  R.  K. 
Everton,  and  R.  K.  Rose,  Dept,  of  Biol.  Sci.,  Old  Dominion  University., 
Norfolk,  Va.  23508.  The  threatened  subspecies  of  the  southeastern  shrew 
Sorex  longirostris  f isheri  is  endemic  to  the  Great  Dismal  Swamp  of 
southeastern  Virginia.  Previous  studies  based  on  discrimanant  analysis  of 
external  measurements  determined  that  intergrades  of  the  upland  form  Sorex 
1.  longirostris  exist  along  the  periphery  of  the  Swamp.  To  better 
discriminate  between  these  populations,  a  study  of  cranial  morphology  was 
initiated.  Fifteen  cranial  measurements  were  taken  from  59  specimens  of 
Sorex  collected  previously  from  southeastern  Virginia,  including  the  Dismal 
Swamp.  Principal  Component  Analysis  revealed  that  although  no  correlation 
exists  between  cranial  characters  a  continuum  of  increasing  overall  cranial 
size  does  exist.  Animals  farthest  removed  from  the  Swamp  (S.  1. 
longirostris)  have  small  skulls,  animals  taken  from  within  the  Swamp  (S.  1. 
f isheri)  have  the  largest  skulls,  and  at  location  between  these  forms, 
animals  showed  intermediate  skull  size. 


THE  PYGMY  SHREW,  ROCK  SHREW  AND  WATER  SHREW:  VIRGINIA'S  RAREST  SHREWS 
(MAMMALIA:  SORICIDAE).  John  F.  Pagels ,  Dept.  Biology,  VA.  Commonwealth  Univ. 

Richmond,  VA  23284.  Information  reported  here  is  from  several  studies  in¬ 
cluding  a  statewide  effort  that  involved  38  Virginia  counties.  The  pygmy 
shrew,  Sorex  hoyi ,  reported  from  seven  localities  in  1978,  all  east  of  the 
Blue  Ridge,  has  been  taken  statewide  at  elevations  ranging  from  18  m  to  nearly 
1219  m.  It  has  been  collected  in  various  habitat  types  and  in  association 
with  six  other  species  of  soricids,  but  it  is  apparently  very  uncommon;  21  of 
23  collecting  sites  are  represented  by  a  single  specimen.  The  rock  shrew, 

S_.  dispar ,  first  reported  in  1956  from  the  Mountain  Lake  area  of  Giles  Co.  is 
now  known  from  eight  other  localities,  all  in  the  mountains  and  almost 
always  in  talus  situations.  It  was  taken  at  503  m  in  the  Cumberland  Plateau. 
The  water  shrew,  S.  palustris ,  perhaps  the  rarest  mammal  in  Virginia,  has  not 
been  found  at  additional  localities,  but  it  still  exists  along  the  headwaters 
of  Little  Back  Creek  in  Bath  County.  (Supported  by  VCU  and  the  VCGIF  Non¬ 
game  Wildlife/Endangered  Species  Program). 
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THE  STATUS  OF  AMPHIBIANS  IN  VIRGINIA.  Christopher  A.  Pague,  Dept,  of  Biol. 
Sci.,  Old  Dominion  Univ.,  Norfolk,  VA  23508,  &  Joseph  C.  Mitchell,  Dept, 
of  Biol.,  Univ.  of  Richmond,  Richmond,  VA  23173.  Inhabiting  Virginia  are 
71  recognized  species  of  amphibians  including  25  anurans  and  46 
salamanders.  Of  these,  two  species  are  endemic  (Plethodon  Shenandoah  and 
P.  hubrichti)  as  is  a  single  subspecies  (Des mognathus  monticola 
jeffersoni).  Additionally,  one  frog  (Pseudacris  feriarum  kalmi)  and  three 
salamanders  (D.  welteri,  P.  punctatus,  and  P.  kentucki)  have  ranges  largely 
in  Virginia  such  that  the  species'  securities  may  depend  on  Virginia's 
efforts.  The  terminations  of  21  other  species'  ranges  are  in  Virginia 
primarily  consisting  of  species  extending  into  the  rapidly  developing 
southeast  coastal  plain.  We  review  all  previous  and  current  attempts  to 
determine  the  preservation  needs  of  amphibians.  Using  this  review  and 
considering  the  current  trends  in  development  and  population  growth,  we 
suggest  which  species,  areas,  and  methods  should  be  given  priority 
attention  in  order  to  assure  the  long  term  viability  of  the  Commonwealth's 
rich  amphibian  diversity.  Support  was  generously  provided  by  the  Nongame 
Program  of  the  Va.  Comm,  of  Game  and  Inland  Fisheries  and  the  Va.  Natural 
Heritage  Program. 


THE  VALUE  OF  NEST  EXAMINATION  IN  THE  STUDY  OF  FLEA  POPULATIONS.  H.F. Painter 
and  R.P. Eckerlin,  Nat.Sci.Div. ,  Northern  Va.  Cmty.  Col.,  Annandale,  VA  22003. 

The  species  diversity  and  numbers  of  siphonapteran  parasites  taken  from  animals 
was  compared  with  results  from  examination  of  nests  of  the  animals.  Microtines 
showed  a  58%  infestation  rate  with  an  average  of  0.79  fleas  of  5  species. 
Microtine  nests  yielded  an  average  of  22.8  fleas  of  9  species.  Peromyscus  sp. 
showed  a  50%  infestation  rate  with  an  average  of  0.6  fleas  of  6  species  per 
animal.  Nests  averaged  16  fleas  of  4  species.  Neotoma  sp.  showed  a  50% 
infestation  rate  with  3.2  fleas  of  1  species  per  animal.  Nests  yielded  64.4 
fleas  of  2  species  per  nest.  Glaucomys  sp.  captured  in  traps,  yielded  only  0.35 
fleas  of  1  species  per  animal.  If  taken  from  nest  boxes,  over  60%  were 
infested  with  9.6  fleas  of  4  species  per  animal.  Nest  boxes  yielded  27.4  fleas 
of  7  species.  For  population  studies,  artificial  nests  processed  regularly  can 
provide  usable  data  on  nest  fleas.  It  is  not  a  fool-proof  method  since 
accidentals  from  intruding  animals  cannot  be  controlled.  Berlese  funnels  are 
efficient  devices  for  separating  adults  and  larvae  from  the  nest  material. 

Bird  nests  can  be  frustrating;  of  over  100  nests  examined,  1  had  fleas. 

BASIC  MORPHOLOGY  AMD  CYTOCHEMISTRY  OF  THE  GRAVID  MURIME  UTERUS.  H.  Carl  Palmer, 
Jr .  and  Carolyn  M.  Conway,  Dept,  of  Biology,  VA  Commonwealth  Univ.,  Richmond,  VA 
23284.  Gravid  uteri  obtained  from  3  month  old  primiparous  CD-I  mice  at  12.5 
days  of  gestation  were  fixed  by  vascular  perfusion  with  cold  buffered  4% 
paraformaldehyde  containing  2.5  mM  CaCl^  and  10%  sucrose.  Following  removal  of 
the  embryos,  individual  implantation  sites  were  washed  in  buffered  30%  sucrose 
and  embedded  in  glycol  methacrylate.  Cross  sections  (2.5  u)  were  stained 
according  to  the  periodic  acid-Schiff  (PAS)  technique,  with  azure-eosin,  or  with 
peroxidase  labelled  goat  antimouse  IgG  (P-GAM-IgG).  The  decidua  basalis  (DB) 
contained  large  maternal  blood  spaces  and  small  decidual  cells  with  basophilic 
cytoplasm.  Numerous  large  cells  containing  eosinophilic,  intensely  PAS+ 
granules  were  also  present  in  the  DB  as  well  as  in  the  adjacent  modified 
myometrium.  Both  the  trophoblastic  giant  (TbG)  cells  and  smaller  trophoblast 
(Tb)  cells  of  the  placenta  exhibited  basophilic  cytoplasm.  Intracellular  PAS+ 
material  was  found  in  some  TbG  and  Tb  cells  located  at  the  periphery  of  the 
placenta.  Reichert's  membrane  and  granules  in  the  apical  region  of  the 
epithelial  cells  of  the  inner  yolk  sac  were  eosinphilic  and  PAS+.  Staining  with 
P-GAM-IgG  was  observed  in  maternal  blood  spaces,  in  the  DB,  in  granules  within 
cells  of  the  inner  yolk  sac,  and  in  and  around  the  cells  of  the  placenta. 
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THE  USE  OF  HEMOLYMPH  PROTEIN  PATTERNS  FOR  THE  CLASSIFICATION  OF 
VIRGINIA  BAND-WINGED  GRASSHOPPERS.  Samuel  S.  Perdue,  T.  D. 
Kimbrough  and  R.  R.  Mills,  Dept,  of  Biol.,  Va.  Commonwealth 
Univ.,  Richmond,  Va.  23284.  The  Oedipodinae  or  band-winged 
grasshoppers  exhibit  seasonal  and  geographical  isolation.  Spec¬ 
ific  genera  and  species  are  theoretically  closely  related.  This 
relationship  is  based  primarily  on  morphological  characters 
which  may  vary  from  one  location  to  another.  This  study  utili¬ 
zed  polyacrylamide  gel  electrophoresis  to  analyze  hemolymph  pro¬ 
tein  patterns  in  several  species  of  Oedipodinae.  The  genera, 
Spharagemon  and  Trimerotrophis  appear  to  have  similar  protein 
patterns  and  may  be  related.  Hipiscus  species  from  the  spring 
and  fall  time  zones  were  not  similar.  Arphia  sulphurea  and  A. 
xanthoptera  which  live  in  the  spring  and  fall  showed  almost 
identical  patterns.  The  probable  relationship  between  the  Vir¬ 
ginia  Oedipodinae  genera  is  discussed  and  the  correlation  betw¬ 
een  structure  and  hemolymph  proteins  is  anzlyzed. 


THE  STATUS  AND  DISTRIBUTION  OF  THE  THREATENED  DISMAL  SWAMP  SOUTHEASTERN 
SHREW,  Robert  K.  Rose ,  Roger  K.  Everton,  and  Thomas  M.  Padgett,  Dept,  of 
Biol.  Sci.,  Old  Dominion  Univ.,  Norfolk,  VA  23508.  The  Dismal  Swamp 
southeastern  shrew,  Sorex  longirostris  fisheri,  was  was  given  "threatened" 
status  by  the  U.S.  Fish  and  Wildlife  Service  in  1986  because  of  its  limited 
distribution  and  potential  threats  of  interbreeding  with  the  nearby  upland 
subspecies,  Sorex  1 .  longirostris.  Known  from  about  20  specimens 
collected  before  1980  and  a  few  dozen  taken  since  then,  "fisheri"  seems  to 
have  somehow  diverged  from  the  smaller  upland  "longirostris"  in  association 
with  the  development  of  the  Dismal  Swamp.  The  detection  of  southeastern 
shrews  that  are  intermediate  in  size  between  the  two  subspecies,  coupled 
with  the  location  of  these  collection  sites  on  the  margins  of  the  Dismal 
Swamp,  suggests  that  the  two  subspecies  might  be  interbreeding.  If  the 
drying  trend  now  occurring  in  the  Dismal  Swamp  continues,  the  possibility 
exists  that  the  upland  form  could  invade  all  habitats  in  the  Dismal  Swamp, 
interbreeding  with  "fisheri"  as  it  does.  If  this  were  to  happen,  the  less 
common  "fisheri"  faces  the  real  possibility  of  extinction  by  having  its 
genome  genetically  swamped  by  the  numerically  dominant  "longirostris." 

PURIFICATION  OF  SEROTONIN-BINDING  PROTEINS  FROM  THE  HINDGUT  OF 
THE  AMERICAN  COCKROACH.  David  Rowles ,  R.  R.  Mills  and  T.  D. 
Kimbrough,  Dept,  of  Biol.,  Va.  Commonwealth  Univ.,  Richmond,  Va. 
23284.  Serotonin-binding  proteins  from  the  hindgut  of  the  Ameri¬ 
can  cockroach,  Periplaneta  amer icana ,  were  partially  purified 
using  molecular  sieve  chromatography  and  diethylaminoethyl 
(DEAE)  anion  exchange  chromatography.  It  was  determined  that 
the  proteins  that  bind  serotonin  have  a  molecular  weight  of  at 
least  133,000  daltons  and  have  characteristics  of  neutral  or 
positively  charged  proteins. 


CADMIUM  IN  MAINE  PINE  MARTENS  (Maries  amer icana).  Patrick  F.  Scanlon,  Alan  R. 
Clark,  and  Arthur  M.  Soukkala.  Dept,  of  Fisheries  and  Wildlife  Sci.,  Va. 
Polytechnic  Inst.  &  State  Univ.,  Blacksburg,  Va.  24061  and  Maine  Dept.  Inland 
Fisheries  &  Wildlife,  Augusta,  Me.  04333.  The  pine  marten  (Martes  amer icana) 
Is  a  valuable  furbearing  mustelid  which  lives  In  forested  areas  remote  from 
human  habitation.  It  is  chiefly  a  predator  of  small  mammals,  but  uses  insects, 
fruits  and  nuts  to  a  lesser  extent.  Because  of  these  characteristics,  the 
species  Is  of  Interest  as  an  indicator  of  cadmium  (Cd)  contamination.  Kidneys 
recovered  from  martens  taken  by  licensed  trappers  in  1980  were  processed  for  Cd 
analysis  by  atomic  absorption  spectrophotometry .  Ages  were  determined  by  tooth 
analyses.  Individual  kidney  Cd  values  ranged  from  0.82  to  25.18  ug/g  dry 
weight.  Mean  Cd_concentrat ions  (ug/g  d.w.)  for  age  groups  were  as  follows: 

<1  y.o,  N  =  28,  X  Cd  =_2.44  +  0.60  S.E.;  1  y.o.  N  =  18,  X  Cd  =_4.75  ±  1.25 
S.E. ;  2  y.o.,  N  =  1 1 ,  X  Cd  =  11.1  ±  1.05  S.E.;  3  y.o.j,  N  =  4,  X  Cd  =  12.02  + 
1.38  S.E. ;  4  y.o.,  N  =  1 ,  Cd  =  25.18;  7  y.o.,  N  =  3,  X  Cd  =  12.81  ±  2.87; 
Unknown  age  N  =  2,  X  Cd  =  6.64  +  1.93. 
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HEAVY  METAL  CONCENTRATIONS  IN  FIELD  FARES  (Turdus  pilaris)  from  Norway. 

Patrick  F.  Scanlon,  and  Norvald  Fimreite,  Dept.  Fisheries  and  Wildlife  Sci., 

Va.  Polytechnic  Inst.  &  State  Univ.,  Blacksburg,  Va.  24061  and  Telemark 
Distr iktshgfcjskol e,  3800  B0  i  Telemark,  Norway.  Hatching  year  field  fares 
(Turdus  pilaris)  were  captured  by  netting  in  October  1983  in  Sauherad  Kommune, 
Telemark,  Norway.  After  sacrifice  of  25  individuals  (10  F,  15  M)  livers  and 
kidneys  were  removed,  dried,  dissolved  in  nitric  acid,  diluted  and 
concentrations  of  Cd,  Cu,  Pb,  and  Zn  measured  by  atomic  absorption 
spectrophotometry.  Mean  elemental  concentrations  (  g/g  d.w.)  were  as  follows: 
cadmium,  liver  0.74  +  0.1,  kidney  6.13  +  0.7;  copper,  liver  12.8  +  0.6,  kidney 
14.4  +  0.5;  lead,  liver  0.52  +  0.06,  kidney  1.22  +  0.14;  and  zinc,  liver  63.2  + 
2.9,  kidney  81.4  +  5.5.  Differences  between  sexes  were  only  noted  for  zinc  in 
liver  (F  >  M,  P  =  0.10).  Concentrations  of  cadmium  were  considered  high  and 
reflect  cadmium  accumulated  in  Norway.  Early  nutrition  of  field-fares  is  based 
on  earthworms  which  would  facilitate  Cd  accumulation.  CSupported  by  Norges 
Teknisk  Naturvinenkapel ige  Forskn i ngrSd] 

SEASONAL  OBSERVATIONS  OF  PHYTOPLANKTON  IN  THE  JAMES  RIVER.  Cindy  Shomers  and 
H.  G.  Marshall.  Dept,  of  Biological  Sciences,  Old  Dominion  Univ.,  Norfolk,  Va. 
23508.  Phytoplankton  results  from  a  six  month  portion  of  a  long  term  monitoring 
program  is  reported  here,  occurring  from  March  through  August  1986.  Composite 
samples  from  above  and  below  the  pycnocline  were  taken  at  two  stations  in  the 
James  River.  These  stations  have  salinites  that  range  from  tidal  fresh  water  to 
mesohaline.  The  spring  phytoplankton  composition  was  dominated  by  diatoms, 
cyanobacteria,  euglenoids  and  chlorophytes .  Major  diatoms  included  fresh  water 
types,  e.g.  Cyclotella  striata  and  Skeletonema  potamos,  in  addition  to 
forms  common  to  the  Chesapeake  Bay  (Skeletonema  costatum,  Asterionella  glacia- 
lis).  Common  cyanobacteria  included  Microcystis  spp.  and  Nostoc  spp.  Into 
summer,  the  cyanobacteria  became  more  dominant  in  addition  to  several  chloro¬ 
phytes  and  cryptomonads.  (Supported  by  the  Virginia  State  Water  Control  Board.) 

EFFECTS  OF  PROVISIONING  RATES  AND  NUMBER  FLEDGED  ON  NESTLING  AGGRESSION  IN  GREAT 
BLUE  HERONS.  Joseph  P.  Sul  I i van ,  Dept  Fisheries  and  Wildlife,  Virginia  Tech, 
Blacksburg,  VA  24061.  During  1984  and  1985,  a  total  of  51  great  blue  heron 
(Ardea  herodias )  nests  were  observed  in  northern  Utah.  Rates  of  parental 
provisioning  to  nestlings  and  number  of  young  fledged  were  compared  to  frequen¬ 
cies  of  13  nestling  :  nestling  interactions.  Only  the  unranked  provisioning 
rates  :  number  fledged  comparison  was  found  to  have  a  regression  slope  signif¬ 
icantly  different  from  zero.  No  Significant  correlation  was  found  between  pro¬ 
visioning  rate  and  any  nestling  interaction.  Significant  correlations  and  re¬ 
gression  slopes  were  found  between  some  nestling  interactions  and  number  fledged. 
Sibling  aggression  did  not  appear  to  be  a  means  to  bring  about  brood  reduction. 
Parental  activity  had  little  effect  on  sibling  aqqression,  whereas  number  of 
young  per  nest  appeared  to  have  been  the  most  important  factor.  (Partially 
supported  by  the  Ecology  Center,  Utah  State  University) 

STUDIES  OF  NATURAL  POPULATIONS  OF  PEROMYSCUS  LEUCOPUS  NOVEBURACENSIS : 

VARIATIONS  IN  DENSITY  AND  REPRODUCTIVE  CHARACTERISTICS.  C.  R.  Terman,  Dept., 
of  Biol.,  College  of  William  and  Mary,  Williamsburg,  Va.  23185.  Live  traps 
(600)  and  nest  boxes  (264)  placed  at  20  m  intervals  produced  the  following 
information  on  a  White-footed  mouse  population  in  an  11  hectare  wooded  area 
sampled  during  a  four  year  period.  Nest  box  use  was  predominately  from  October 
through  April  and  the  characteristics  of  animals  captured  in  nest  boxes  were 
generally  consistent  with  those  captured  in  traps.  Numerical  fluctuations  of 
adults  ranged  from  a  high  of  23/hectare  in  March  of  1983  to  a  low  of  3.2/hectare 
in  November  of  1983  and  continued  to  an  even  lower  level  of  0. 9/hectare  in 
November  of  1984.  The  sex  ratio  of  adults  differed  significantly  from  1:1 
with  males  being  more  numerous.  Males  exhibited  lower  frequencies  of  reproduc¬ 
tive  maturity  than  females  with  both  sexes  exhibiting  lower  reproduction  during 
May,  June  and  July,  a  period  of  time  when  the  number  of  males  was  significantly 
greater  than  expected  by  chance. 
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THE  POPULATION  STATUS  OF  PIPING  PLOVERS  IN  VIRGINIA.  Karen 
Terw i 1 1 i ger .  VA.  Comm,  of  Game  and  Inland  Fisheries. ,  Richmond, 

VA  23230.  A  1986  coastwide  survey  revealed  that  Virginia  sup¬ 
ports  one  eighth  of  the  Atlantic  coast  population  of  breeding 
piping  plovers.  Ninety-  five  percent  of  Virginia’s  100  breeding 
pairs  nested  on  barrier  islands.  Birds  arrived  at  their  breeding 
sites  in  March,  courted  and  established  territories  through  Ap¬ 
ril,  and  laid  eggs  by  early  May.  Peak  hatch  occured  in  late  May 
to  early  June  if  no  disturbance  occured.  Renesting  of  disturbed 
pairs  was  observed  through  June.  The  majority  (58%)  of  nests  were 
located  in  overwash  areas  as  well  as  fore  dune  (25%)  and  back 
dune  (17%)  sites.  After  hatching,  chicks  were  observed  primarily 
feeding  in  family  groups  in  nearby  mudflats,  with  little  interti¬ 
dal  beach  use.  Chicks  fledged  after  30  days  but  were  often  seen 
feeding  in  family  groups  until  migration  peaked  in  September. 
No  birds  were  observed  during  the  Christmas  bird  counts  or  in  a 
coastwide  wintering  survey. 


OBSERVATIONS  ON  THE  VERTICAL  PHYTOPLANKTON  COMPOSITION  IN  THE  LOWER  CHESAPEAKE 
BAY.  Bruce  Wagoner,  Cindy  Shomers ,  John  Lowenthal  and  H.  G.  Marshall.  Dept,  of 
Biological  Sciences,  Old  Dominion  University,  Norfolk.,  Va.  23508.  Emphasis  was 
placed  on  the  vertical  distribution  of  phytoplankton  in  a  12  month  study  (July 
1986-June  1987)  in  the  lower  Chesapeake  Bay.  Greater  cell  concentrations  of 
diatoms  and  a  pico-nanoplankton  component  (<5  um)  occurred  in  sub-pycnocline 
waters  through  the  year.  Dinof lagellates  were  generally  more  abundant  in  waters 
above  the  pycnocline,  except  during  spring  and  early  summer  when  surface  numbers 
decreased  in  March  and  they  fluctuated  into  June.  Sub-pycnocline  waters  con¬ 
tained  several  potential  bloom  producing  dinof lagellates  during  this  period. 
These  included  Prorocentrum  minimum ,  P.  micans ,  Ceratium  lineatum,  Katodinium 
rotunda turn,  and  Heterocapsa  triquetra.  Several  of  these  were  found  under  hy¬ 
poxic  conditions  in  sub-pycnocline  waters  and  may  represent  a  seed  population 
for  subsequent  blooms  or  if  the  levels  of  total  phytoplankton  concentrations 
are  high  enough,  by  decomposition  lead  to  more  severe  hypoxic  conditions  within 
the  Chesapeake  Bay.  Supported  by  the  Virginia  State  Water  Control  Board. 


ANTI  PARAS ITIC  EFFECT  OF  MESOIONIC  XANTHINE  ANALOG  ON  TRYPANOSOMIASIS.  Kim 
Willi ams*,  Dilip  K.  Sen,  Anthony  Adson*  and  Godwin  0.  Mbagwu,  Dept,  of  Biol., 
Va.  State  Univ.,  Petersburg,  Va.  23803,  Two  derivatives  of  the  mesoionic 
thiazolo[3,2-a]pyrimidine-5,7,diones  1_,  were  prepared  and  examined  for  in  vivo 
anti  protozoan  activity  in  order  to  develop  structure-acti vi ty  relationships 
(SAR)  leading  to  more  active  derivatives.  E.g.  compound  1J^  was  inoculated 
subcutaneously  into  SW  male  mice  with  Trypanosoma  musculi  infection.  The 
effect  was  measured  by  a  study  of  parasite  population  during  the  course  of 
infection.  The  injection  of  200ug  of  the  compound  and  5x10^  trypanosomes 
affected  the  level  of  parasitemias  at  the  peak  and  during  Day  9  to  13  post 
infection  (PI)  period.  Mice  treated  with  mesoionic  compound  simultaneously 
with,  prior  to  and  after  the  infection,  developed  substantially  lower  para- 
sitemic  population  as  compared  to  the  untreated  but  infected  controls.  Both 
dosage  and  timing  appeared  to  have  important  parameters  of  the  observed 
effects.  (Supported  by  NIH  Grant  RR- 08090- 1 5 ) 
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THE  ECOLOGY  OF  THE  NEW  CLASS  REMIPEDIA,  A  MARINE  CAVE  CRUSTACEAN. 
Jill  Yager,  Dept,  of  Biol.  Sciences,  Old  Dominion  Uni v.,  Norfolk, 
VA.  23508.  The  class  Remipedia  consists  of  free-swimming, 
eyeless,  n o n -p i g m e n t e d  crustaceans.  Eight  species  have  been 
collected  from  submerged  caves  throughout  the  Bahamas,  Yucatan 
and  the  Canary  Islands.  They  range  in  adult  sizes  from  15mm  to 
4.5  cm.  The  submerged  caves  inhabited  by  remipedes  typically  have 
vertical  stratification  of  the  water  column,  with  a  distinct 
density  interface  separating  a  fresh  to  brackish  lens  from  deeper 
salt  water.  The  density  interface  acts  as  an  oxygen  barrier,  with 
dissolved  oxygen  levels  beneath  it  measured  at  orders  of 
magnitude  less  than  that  of  the  fresh  water.  Remipedes  and  a 
unique  assemblage  of  troglobitic  organisms  are  found  in  this 
oxygen-poor  environment. 


EFFECTS  OF  INGESTED  CADMIUM  AND  LEAD  ON  REPRODUCTION  OF  Peromvscus  leucoous. 
Susan  M.  Yocum,  Philip  C.  Darby,  and  Patrick  F.  Scanlon,  Dept,  of  Fisheries  & 
Wildlife  Sci.,  Va.  Polytechnic  Institute  &  State  Unlv.,  Blacksburg,  Va.  24061. 
Mixed  pairs  of  adult  Peromvscus  I eucopus  were  housed  In  standard  size,  shoe 
box-type  mouse  cages  and  assigned  to  one  of  four  treatments  (C,  Control;  CD,  10 
ppm  Cd;  PB,  10  ppm  Pb;  or  CDPB,  10  ppm  Cd  plus  10  ppm  Pb)  added  to  their 
rations.  The  reproductive  performance  was  monitored  over  periods  of  not  less 
than  10  weeks.  Progeny  of  all  treatement  groups  were  maintained  on  the  same 
rations  and  paired  within  the  same  treatment  groups  for  a  second  generation. 

The  major  differences  found  were  that  the  percentage  of  pairs  producing  litters 
was  reduced  in  the  CDPB  group  In  both  generations.  This  resulted  in  a  reduced 
number  of  pups  weaned  In  the  first  generation.  Males  of  the  first  generation 
were  sacrificed  at  the  end  of  the  breeding  period  and  weights  of  reproductive 
organs  and  spermatozoan  counts  taken.  Average  and  relative  weights  of  testes 
of  males  in  the  CD  and  CDPB  groups  tended  to  Increase  while  spermatozoa  per 
gram  of  testis  decreased  In  the  CDPB  group. 


Botany 

COMPARISON  OF  "HEALTHY"  AND  "UNHEALTHY"  SPRUCE  STANDS  IN  THE  SPRUCE  KNOB  AREA 
OF  PENDLETON  COUNTY,  WEST  VIRGINIA.  H.  S.  Adams,  D.  S.  Lancaster  Cmnty.  Col., 
Clifton  Forge,  VA  24422  and  S.  L.  Stephenson,  Fairmont  St.  Col. ,  Fairmont,  14V. 
Studies  conducted  recently  in  high-elevation  spruce  and  spruce-fir  forests 
throughout  the  Appalachians  have  revealed  that  red  spruce  ( Picea  rubens )  often 
shows  a  pattern  of  reduced  growth  and  increased  mortality  since  the  1960s.  The 
exact  cause  of  this  decline  still  is  unknown.  During  the  1986  field  season, 
two  stands  of  red  spruce — one  apparently  "healthy"  and  the  other  "declining" — 
were  intensively  studied  in  an  effort  to  more  completely  quantify  the  extent 
and  nature  of  symptoms  associated  with  spruce  decline  in  the  Spruce  Knob  area 
of  Pendleton  County,  West  Virginia.  Both  stands  occupy  the  same  ridgetop  at 
comparable  elevations  (1433  and  1463  m)  and  are  (based  on  cored  trees)  approxi¬ 
mately  the  same  age.  Dead  spruce  trees  comprised  57.6%  of  all  stems  greater 
than  9.9  cm  DBH  and  54.6%  of  the  total  basal  area  in  the  declining  stand, 
whereas  the  corresponding  figures  for  the  healthy  stand  were  12.9%  and  8.0%, 
respectively.  Dendroecological  (tree-ring)  analysis  indicates  that  trees  in 
both  stands  exhibited  similar  patterns  of  growth  during  the  period  of  1940-70, 
but  since  that  time  growth  rates  have  increased  in  the  healthy  stand  and 
markedly  decreased  in  the  declining  stand. 
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DISTRIBUTIONAL  RELATIONSHIPS  OF  CHESTNUT  AS  A  COMPONENT  OF  THE  UNDERSTORY  IN 
UPLAND  FOREST  COMMUNITIES  OF  WESTERN  VIRGINIA.  H,  S.  Adams,  D.  S.  Lancaster 
Cmnty.  Col.,  Clifton  Forge,  VA  24422,  M.  L.  Lipford,  Va.  Dept.  Cons.,  Richmond, 
VA  23219,  &  S.  L.  Stephenson,  Fairmont  St.  Col.,  Fairmont,  WV  26554.  The 
distributional  relationships  of  American  chestnut  ( Castanea  dentata )  as  a 
component  of  the  understory  in  upland  forest  communities  were  investigated  in 
three  areas  of  western  Virginia.  Two  of  these  (the  Mountain  Lake  region  of 
Giles  County  and  Alleghany  County)  are  within  the  Ridge  and  Valley  physiogra¬ 
phic  province  and  the  third  (Shenandoah  National  Park)  is  located  in  the  north¬ 
ern  Blue  Ridge.  Results  of  multivariate  analysis  indicate  that  the  present 
distribution  of  chestnut  is  correlated  most  with  elevation  and  site  moisture 
conditions.  The  species  is  less  abundant  (192  stems/ha)  in  stands  sampled  in 
Alleghany  County  (mean  elevation  of  39  stands  =  645  m)  than  at  either 
Shenandoah  National  Park  (532  stems/ha)  or  Mountain  Lake  (770  stems/ha),  where 
sampled  stands  occur  at  mean  elevations  of  822  m  (20  stands)  and  1079  m 
(43  stands),  respectively.  Maximum  density  of  chestnut  sprouts  (exceeding 
2,500  stems/ha  for  some  stands  at  Mountain  lake)  was  found  on  subxeric  sites, 
particularly  at  mid-  to  upper  slope  positions  on  southern  exposures.  In  all 
areas,  chestnut  generally  was  absent  from  mesic  sites. 


SEASONAL  OBSERVATIONS  OF  PHYTOPLANKTON  IN  THE  RAPPAHANNOCK  RIVER.  Lewis 
Affronti  and  H.  G.  Marshall.  Dept,  of  Biological  Sciences,  Old  Dominion  Univ., 
Norfolk,  Va.  23508.  This  report  covers  a  six  month  period  from  March  through 
August  1986  when  collections  were  taken  from  surface  and  bottom  depths  at  two 
stations  in  the  upper  Rappahannock  River.  This  is  a  tidal-fresh  water  to 
mesohaline  region.  The  spring  phytoplankton  was  dominated  by  small  sized  dia¬ 
toms  (<20  pm)  and  cyanobacteria.  The  major  diatom  species  were  Cyclotella 
striata ,  Skeletonema  costatum  and  Leptocylindrus  minimus.  Also  abundant  was 
Ske letonema  potamos  in  the  fresh  water-tidal  region.  Other  prominent  forms 
included  Cryptomonas  spp.,  Pyramimonas  sp.,  Katodinium  rotundatum ,  Melosira 
is landica  and  several  cyanobacteria.  The  summer  flora  contained  the  same 
spring  dominants  plus  greater  representation  by  the  dinof lage 1 lates ,  micro- 
flagellates,  euglenoids  and  cryptomonads.  (Supported  by  the  Virginia  State 
Water  Control  Board.) 


ECTOMYCORRHIZAE  ON  COAL  REFUSE  IN  SOUTHWESTERN  VIRGINIA.  Moss  Baldwin.  Dept, 
of  Biol.,  Va.  Polytechnic  Inst.  &  State  Univ.,  Blacksburg,  VA  24061. 

Coal  refuse  is  a  waste  product  of  the  coal  processing  industry.  Reclamation 
of  coal  refuse  is  difficult  for  a  number  of  reasons.  Variability,  high  acid¬ 
ity,  low  water  holding  capacity,  heat  load,  and  compaction  are  especially 
important  factors.  During  the  summer  of  1986,  a  vegetational  and  fungal  sur¬ 
vey  was  made  of  four  refuse  piles  of  different  ages  to  characterize  the  ec¬ 
ology  of  the  naturally  occuring  colonization  and  the  role  that  ectomycorrhizae 
play  in  the  establishment  of  woody  species.  One  woody  species,  Betula  lenta, 
and  four  mycorrhizal  fungi,  Laccaria  laccata,  Scleroderma  citrinum ,  Thelephora 
terrestris ,  and  Inocybe  sp. ,  were  particularly  conspicuous  on  all  the  sites 
surveyed.  (This  project  has  been  supported  by  a  small  projects  grant  from  the 
Va.  Academy  of  Science.) 
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INFLUENCE  OF  ELAIOSOME  REMOVAL  ON  GERMINATION  IN  SEVERAL  ANT-DISPERSED  PLANTS: 

AN  UPDATE.  Marion  C.  Blois,  Dept,  of  Biol.,  No.  V a.  Comm.  Col.,  Manassas,  V a 
22110  &  L.L.  Rockwood,  Dept,  of  Biol.,  George  Mason  Univ.,  Fairfax,  VA  22030. 

We  have  been  investigating  since  1984  the  hypothesis  that  removal  of  the  elaio- 
some  enhances  the  germination  of  seeds  which  are  dispersed  by  ants.  In  1984 
experiments  with  bloodroot  (Sanquinaria  canadensis)  germination  was  signifi¬ 
cantly  enhanced  in  seeds  whose  elaiosomes  were  manually  removed.  These  results 
were  not  duplicated  in  1985  experiments,  though  speed  of  germination  was  signif¬ 
icantly  enhanced  in  Viola  pensylvanica.  In  1986  we  repeated  the  elaiosome 
removal  experiments  using  seeds  of  Dicentra  cucul laria,  bloodroot,  and  _V . 
pensylvanica.  Elaiosome  removal  slightly,  but  not  significantly,  enhanced  germ¬ 
ination  in  bloodroot  (54%  vs.  40%).  In  £.  cucul laria,  germination  rate  with 
intact  elaiosomes  was  70%,  with  elaiosomes  manually  removed  was  72%,  and  with 
elaiosomes  removed  by  a  laboratory  ant  colony  was  66%.  In  Viola  germination  of 
seeds  with  elaiosomes  intact  was  90%.  Elaiosome  removal  appears  to  have  no 
consistent  relationship  to  germination  rate  with  the  possible  exception  of  S. 
canadensis .  Additional  experiments  using  laboratory  ant  colonies  to  naturaTly 
remove  the  elaiosome  are  planned  for  1987. 

THE  INFLUENCE  OF  PERIODIC  FLOODING  ON  SWAMP  ECOSYSTEM  PROCESSES:  AN  OVERVIEW 
OF  DISMAL  SWAMP  AND  CYPRESS  MESOCOSM  STUDIES.  Frank  P.  Day,  Jr.,  Dept,  of 
Biol.  Sci.,  Old  Dominion  Univ.,  Norfolk,  Va.  23508.  Frequency,  duration, 
depth  and  timing  of  flooding  are  major  influences  on  the  structure  and 
functional  dynamics  of  wetland  ecosystems.  Over  a  decade  of  research  in  the 
periodically  flooded  Great  Dismal  Swamp  has  focused  on  these 
relationships.  Some  of  the  major  findings  include  (1)  increased  winter 
and  spring  flooding  results  in  greater  aboveground  production  but  less 
belowground  production,  (2)  higher  leaf  litter  decay  rates  corresponded  with 
longer  duration  of  flooding  aboveground  in  wet  years  and  with  longer 
duration  of  flooding  of  the  upper  soil  layers  in  dry  years,  and  (3)  the 
relationships  between  flooding  and  decay  of  leaf  litter  and  roots  are 
complicated  by  the  strong  influence  of  the  chemical  and  structural  nature 
of  the  litter.  The  variability  and  complexity  of  field  studies  can  be 
controlled  to  a  degree  by  the  use  of  experimental  mesocosms.  Preliminary 
results  are  available  from  a  study  at  the  Savannah  River  Ecology  Lab  which 
involves  an  investigation  of  the  influence  of  hydroperiod  in  cypress 
mesocosms  constructed  with  an  organic  soil. 


OLD  GROWTH  FORESTS  CF  THE  SOUTHERN  BLUE  RIDGE  ESCAR  FMENT  IN  VIRGINIA.  Margaret 
M.  Farrell  &  Stewart  Ware.  Dept,  of  Biol.,  Coll,  of  William  &  Mary,  Williamsburg 
Va .  23185.  Sixteen  stands  from  347  to  922  m  were  sampled  by  the  Bitter lich- 
circular  guadrat  method  for  trees  y  10  cm  dbh  ,  and  by  circular  quadrats  for  stem 
>2.5  cm  <  10  cm  dbh.  Of  32  species  in  the  larger  size  class,  chestnut  oak  was 
overwhelmingly  the  dominant,  northern  red  oak  next,  and  white  oak  and  black  oak 
were  a  close  third  and  fourth.  Hickories  were  only  occasionally  important,  and 
tuliptree  and  yellow  birch  tended  to  be  important  together.  These  last  three 
were  at  the  opposite  end  of  a  DECCRANA  ordination  from  white  oak.  Dogwood  was 
the  most  important  tree  in  the  smaller  size  class,  followed  far  behind  by  red 
maple  and  sourwood  .  Chestnut  oak  saplings  were  quite  uncommon;  white  oak  was 
the  most  important  potential  canopy  tree  in  the  sapling  size  class.  None  of  the 
species  abundance  patterns  correlated  with  elevation,  direction  of  slope,  degree 
of  slope,  or  soil  Ca,  Mg,  P,  K,  or  pH. 
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THE  VIRGINIA  NATURAL  HERITAGE  PROGRAM:  AN  INVENTORY  OF  VIRGINIA'S  RARE  PLANT 
SPECIES.  M.  L.  Lipford,  G.  D.  Rouse,  VA  Dept,  of  Conservation  and  Historic 
Resources,  1100  Washington  Building,  Richmond,  VA  23219 

The  Virginia  Natural  Heritage  Program  is  a  joint  contract  venture  between  The 
Nature  Conservancy  and  the  Commonwealth.  The  VANHP  was  established  in  November 
of  1986  making  it  the  43rd  of  46  states  to  install  a  heritage  program.  These 
biological  inventories  collect  and  disseminate  information  on  rare  plants,  ani¬ 
mals  and  natural  communities.  Some  600  species  of  Virginia's  rare  plants  are 
monitored.  Site-specific  biological  data  on  the  occurrences  of  each  species 
are  collected  from  the  literature,  herbarium  searches,  state  experts  and  other 
secondary  sources;  and  incorporated  into  a  system  of  manual,  map,  and  computer 
databases.  The  program  is  also  responsible  for  assigning  ranks  to  each  species 
that  indicate  rarity  at  the  state  and  global  level.  Ranks  are  helpful  in  or¬ 
dering  by  importance  those  species  in  need  of  field  status  surveys  and  protec¬ 
tion  efforts.  The  information  is  easily  retrieved  for  users.  The  VANHP  res¬ 
ponds  to  approximately  75  requests  per  month  from  public  and  private  organiza¬ 
tions.  The  data  are  used  to  set  conservation  priorities  by  identifying  VA's 
finest  natural  areas.  The  VANHP  is  currently  under  contract  to  present  a  list¬ 
ing  package  of  species  to  be  added  to  Virginia's  Endangered  Plant  Species  Act. 


DOMINANT  PHYTOPLANKTON  POPULATIONS  IN  LAKE  TRASHMORE ,  VA.  Seba  B.  Sheavly  and 
H.  G.  Marshall.  Dept,  of  Biological  Sciences,  Old  Dominion  Univ.,  Norfolk,  Va. 
23508.  Phytoplankton  and  water  quality  parameters  in  Lake  Trashmore,  a  borrow 
pit  lake,  in  Virginia  Beach,  Va.  were  observed  from  March  1985  through  February 
1986.  Phylogenetic  groups  included  32  diatoms,  6  dinof lage 1 lates ,  18  cyanobac¬ 
teria,  8  euglenoids,  32  chlorophyceans ,  1  cryptomonad  and  5  forms  of  pico-nano- 
plankton.  Spring  was  dominated  by  pennate  diatoms  (Achnanthes  and  Navicula ) , 
chain  forming  centric  diatoms  (Cyclotella,  Melosira)  and  chlorophyceans  (Cruci- 
genia,  Oocystis).  Summer  was  dominated  by  dinof lagellates  (Ceratium,  Glenodin- 
ium)  and  filamentous  cyanobacteria  (Nostoc,  Anabaena,  Osci 1 lator ia ,  Lyngbya ) . 

Fall  had  a  dominance  of  desmids  (Euastrum,  Cosmarium,  Staurastrum) ,  euglenoids 
(Phacus,  Trache lomonas ) ,  and  cyanobacteria  (Merismopedia ,  Chrococcus ,  Nostoc  , 
Anabaena).  Winter  was  dominated  by  diatoms  (Cyclotella,  Melosira,  Synedra , 
Navicula),  cryptomonads  and  pico-nanoplankton  forms.  Low  nitrogen  levels  of 
summer  and  fall  coincided  with  dominance  of  cyanobacteria,  euglenoids  and  chlor¬ 
ophyceans.  Periods  of  highest  inorganic  nutrient  levels  were  associated  to 
higher  diatom  populations.  Lower  levels  of  inorganic  nutrients  corresponded  to 
growth  periods  of  dinof lage 1 lates ,  euglenoids,  chlorophyceans  and  cyanobacteria. 

THE  VASCULAR  FLORA  OF  CALEDON  NATURAL  AREA,  KING  GEORGE  Co.,  VA. 
Donna  M.  E.  Ware,  Dept,  of  Biol.,  Col.  William  &  Mary,  Williamsburg, 
VA  23185.  Caledon  Natural  Area  is  in  the  inner  coastal  plain  ca . 

20  mi.  E  of  the  Fall  Line.  This  2500  acre  tract  is  95%  wooded,  with 
a  4  mi.  frontage  on  the  Potomac.  The  following  habitats  were  visit¬ 
ed  periodically  March 1 83-April  '84:  beach,  bluffs,  berms,  thickets, 
swales,  tidal  creek  marshes,  ponds,  mesic  ravines,  wooded  uplands, 
fields,  old  homesites,  and  roadsides.  I  collected  631  species  of 
vascular  plants  (110  families);  16%  were  aliens.  Based  on  Harvill 
et  al  (1977;  1981),  249  (44%)  were  county  records  and  85  (14%)  were 
records  for  the  Northern  Neck.  Ammophila  brevi 1 igulata ,  Panicum 
amarum ,  Euphorbia  polygon i folia,  Cladium  mar iscoides ,  Polygonum 
dens i f lorum ,  Spartina  alternif lora ,  and  Setar ia  magna  were  western 
range  extensions  in  the  state.  Others  had  their  primary  range  in 
the  Piedmont  or  mountains,  including  Magnolia  tr i petala ,  Osmorhiza 
clay toni ,  Scrophular ia  lanceolata ,  Muhlenbergia  sobol i f er a ,  Carex 
wi 1 ldenowi i ,  Paronychia  canadensis ,  Deschampsia  f lexuosa ,  Athyr ium 
pyncocarpon ,  Panax  guinquefolium,  and  Lapor tea  canadens i s . 

Ludwigia  peploi des  var.  glabrescens  was  newly  reported  for  VA. 
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F  CREST  VEGETATION  CF  THE  SOUTH  CENTRAL  MISSOURI  OZARKS.  Stewart  Ware,  Dept,  of 
Biol.,  Coll,  of  William  &  Mary,  Williamsburg,  VA  23185  ,  &  Paul  L.  Redfearn,  l-., 
Grant  L.  Fyrah  ,  Wallace  R.  Weber,  and  John  T.  Witherspoon,  Dept,  of  Life  Sci . , 
Southwest  Missouri  State  Univ  . ,  Springfield,  MO  65802.  Eighty-one  stands  in 
the  Sack's  Fork  and  Current  River  drainages  fell  into  three  groups:  a  floodplain 
group  with  American  sycamore  I.V.'*  10%  (Group  III;  17  stands);  and  upland  group 
with  white  oak,  black  oak,  or  Texas  hickory  I  .V .  >  15%  (Group  II;  34  stands); 
and  an  upland  group  with  chinkapin  oak,  sugar  maple,  basswood,  or  redcedar  I.V. 
>  10%  (Group  I;  30  stands).  Group  III  clearly  had  greater  moisture;  Groups  II 
and  Group  I  differed  in  geological  substrate  and  soil  pH  (calcareous,  higher  in 
Group  I).  DECCRANA  ordination  of  Group  II  revealed  that  white  oak,  blackgum, 
and  dogwood  dissociated  as  a  group  from  black  oak,  and  Texas  hickory  dissociated 
from  both  oaks.  Shortleaf  pine  overlapped  all  these,  but  not  post  oak.  None 
of  the  measured  variables  correlated  with  these  patterns.  Ctdination  of  Group  I 
revealed  a  gradient  from  high  redcedar  I.V.  through  chinkapin  oak,  sugar  maple 
and  basswood-elm-ash.  This  gradient  was  strongly  related  to  direction  of  slope 
exposure  (moisture).  Sugar  maple  did  not  appear  to  be  invading  the  stands  of 
Gr  oup  II . 


FURTHER  STUDIES  ON  THE  ANTHOCYANINS  OF  THE  GENUS  ASARUM.  J.  Ernest 
Wilson  and  Larry  C.  Brown,  Dept,  of  Life  Sciences,  Va.  State  Univ., 
Petersburg,  Va  23803.  Further  work  on  Asarum  flower  pigments  has 
revealed  that  species  from  Eastern  and  Western  North  America  and 
Europe  have  the  same  anthocyanin  pigments.  These  are  different  th¬ 
an  the  anthocyanins  found  in  the  evergreen  wild  gingers  of  Eastern 
North  America  classified  by  some  in  the  genus  Hexastylis .  All  Hex- 
astylis  anthocyanins  studied  were  acylated  and  the  same  in  all  sp¬ 
ecies  of  the  genus.  Asarum  anthocyanins  are  much  less  acylated. 


THE  CURRENT  STATUS  AND  DISTRIBUTION  OF  CALEPINA  IRREGULARIS  (BRAS- 
SICACEAE)  IN  VIRGINIA.  Robert  A.  S.  Wright^  Central  Virginia  Bio¬ 
logical  Research  Consortium,  5704  Riverside  Drive,  Richmond,  Va. 

2  322  5  . 

The  first  incidence  of  the  Eurasian  crucifer  Calepina  irregularis 
(Asso)  Thellung  in  the  United  States  was  reported  in  March  1955  at 
Kidd's  Fork,  Caroline  County,  Virginia.  Shortly  thereafter,  cale- 
pine  was  found  in  abundance  in  Prince  Edward  County  and  the  weed 
appeared  in  Buncombe  County,  North  Carolina  where  it  caused  an  en¬ 
tire  alfalfa  crop  to  be  lost.  Although  Calepina  can  no  longer  be 
considered  a  major  noxious  weed,  it  has  nonetheless  become  firmly 
established  or  appears  as  a  frequent  waif  in  dozens  of  small  grain 
fields  in  the  central  piedmont.  Contrary  to  allusions  made  in  the 
literature,  the  original  infestations  of  Calepina  have  been  traced 
to  "Williamsburg"  alfalfa.  Calep ina  is  rapidly  spreading  in  Vir¬ 
ginia  by  the  sale  of  infested  alfalfa/hay  fodder  and  lawn  straw 
as  well  as  by  the  farm  machinery  used  to  harvest  these  products. 

Calepina  is  undoubtedly  a  permanent  member  of  the  Virginia  flora. 


Chemistry 


REACTION  OF  PHENYLDIAZOMETHANES  AND  PHENYLDIAZIRINES  IN  AQUEOUS  /?- CYCLODEXTRIN 
SOLUTIONS  AND  SOLID  CLATHRATES .  Christopher  J.  Abe It*  and  Jennifer  M.  Pleier*, 
Dept,  of  Chem.  ,  College  of  William  and  Mary,  Williamsburg,  Va.  23185. 
Phenyldiazomethane  decomposition  over  aqueous  y9- cyclodextrin  solution  produces 
mainly  benzyl  alcohol  and  benzaldazine .  Traces  of  pentane  alter  the  product 
distribution  favoring  benzaldehyde  and  deoxybenzoin.  Decomposition  foils  the 
preparation  of  /9-cyclodextrin  clathrates  with  phenyldiazomethane.  With  a 
pentane  2-phase  system,  a  clathrate  containing  a  1:1  ratio  of  phenyl¬ 
diazomethane  and  pentane  can  be  isolated.  Phenyldiaz ir ine  is  resistant  to 
aqueous  /9-cyclodextrin  solution.  It  forms  a  clathrate  with  ^-cyclodextrin 
which  upon  thermolysis  results  in  benzaldazine  formation. 
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AB-INITIO  INVESTIGATIONS  OF  (H20)n-S02  COMPLEXES.  Robert  L.  Ake,  Dept,  of 
Chemical  Sciences,  Old  Dominion  Univ. ,  Norfolk,  VA  23508  and  Donald  H. 
Phillips,  NASA,  Langley  Research  Center,  Hampton,  VA  23665.  The  role  of  H20 
in  the  oxidation  of  S02  has  been  a  continuing  subject  of  scientific  interest. 
Experiments  have  shown  that  S02  is  photo-oxidized  orders  of  magnitude  faster 
in  supersaturated  H20  vapor  than  in  pure  S02.  Of  particular  interest  is  the 
ability  of  H20  to  bind  to  S02  and  the  strength  of  such  binding.  An  energy 
gradient  program  was  used  to  locate  stable  structures  for  the  H20-S02  complexes 
and  SCF  calculations  were  carried  out  to  determine  the  binding  energies  of  com¬ 
plexes  with  multiple  water  molecules.  A  4-31G  basis  was  used  for  most  poten¬ 
tial  energy  searches.  More  accurate  basis  sets  including  a  generally  con¬ 
tracted  basis  set  with  d  orbitals  on  the  sulfur  were  used  for  geometry  and 
binding  energy  verification.  For  one  water  complexes  five  different  stable 
geometries  were  located,  with  binding  energies  between  4  and  11  Kcal  mol-1 
suggesting  a  binding  shell  for  H20  around  S02.  Very  little  charge  transfer 
between  S02  and  H20  was  present.  Addition  of  more  than  one  H20  was  found  to 
be  energetically  favorable  although  the  addition  of  the  fourth  water  in  certain 
geometries  did  not  increase  the  stability  of  the  complex.  Support  of  this  work 
by  NASA  Grant  NSG  1393  is  gratefully  acknowledged. 


ELECTROCHEMICAL  OXIDATION  POTENTIALS  OF  METHYL  SUBSTITUTED 
CHRYSENES.  David  Allison  and  Myung-Hoon  Kim,  Department  of 
Chemical  Sciences,  Alfriend  Chemical  Laboratories,  Old  Dominion 
University,  Norfolk,  Virginia  23508.  Differential  pulse 
voltammetry  at  a  platinum  electrode  has  been  employed  to  measure 
oxidation  potentials  of  chrysene  and  all  of  its  six  monomethyl- 
substituted  derivatives,  among  which  5 - m e thy lehr ysene  is 
particularly  carcinogenic,  in  order  to  correlate  their  biological 
activities  with  their  chemical  redox  properties.  The  oxidation 
potential  of  the  5-methyl  isomer  was  found  to  be  1.302  Volts  (vs. 
Ag/AgCl  reference  electrode),  which  is  about  50  mV  more  negative 
than  those  for  some  of  the  non-carcinogenic  isomers.  The  results 
appear  to  support  the  hypothesis  that  compounds  with  lower 
oxidation  potentials  are  likely  to  be  more  biologically  active 
than  those  with  higher  oxidation  potentials.  (The  research  was 
supported  by  the  Summer  Faculty  Research  Fellowship  from  the 
Research  Foundation  of  Old  Domonion  University.) 


"Condensation  of  2,6-Diacetylpyridine  and  1,2-Diaminobenxene  in  the  Presence  of  lanthanide  Ions" 

G.  Bombieri,  L.  De  Cola,  A.  Polo,  D.L.  Smailes,  and  L.M.  Vallarino 
Department  of  Chemistry,  Virginia  Commonwealth  University 
Richmond,  VA  23284 

The  Schiff-base  condensation  of  1,2-diaminobenzene  and  2,6-diacetylpyridine  was 
investigated  with  and  without  the  addition  of  an  acid  catalyst  or  large  metal  ions  as 
templating  agents.  The  uncatalyzed  condensation  produced  a  1:1  Schiff-base,  c15h15n3o 
(I),  containing  one  -NHj  and  one  -C=0  functional  group.  The  acid-catalyzed  reaction  gave 
a  2:2  condensation  product,  C^H^Ng  (II),  having  a  tricyclic  structure  with  two  -NH  groups 
and  two  C=N  Schiff-base  linkages.  In  the  presence  of  lanthanide(III)  nitrates,  both  I  and  II 
were  obtained.  In  addition  a  metal  complex,  ML(N03)3,  was  formed  in  which  M  =  La,  Pr, 

Nd  and  L  =  C^H^Ng  is  a  macrocyclic  ligand  with  a  six-nitrogen-donor  cavity.  The 
structure  of  the  products  were  established  by  microanalysis,  infrared  and  nuclear  magnetic 
resonance  (proton  and  carbon-13)  spectra  and  by  X-ray  diffraction  analysis. 
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"Yttrium(III)-Temp]ated  Macrocyclic  Synthesis" 

G.  Bombieri,  W.T.  Hawkins  II,  A.  Polo,  and  L.M.  Vallarino 
Department  of  Chemistry,  Virginia  Commonwealth  University 
Richmond,  VA  23284 

The  behavior  of  the  yttrium  (III)  ion  as  a  potential  templating  agent  in  the  formation  of 
organic  macrocycles  has  been  investigated.  Even  though  yttrium(III)  does  not  exhibit  strong 
stereochemical  preferences,  several  yttrium(III)  salts  have  been  found  to  promote  the  cyclic 
Schiff-base  condensation  of  2,6-diacetylpyridine  and  1,2-diaminoethane  in  methanol  or  ethanol 
solution.  The  best  results  were  obtained  with  yttrium  acetate,  which  yielded  a  white  crystalline 
complex  of  formula  Y^^HggNg)  (CH3COO)2Cl  '  4H20,  containing  a  chemically  inert  yttrium- 
macrocyclic  cation. 

Substitution  of  the  acetate  counterions  of  the  acetate-chloride  complex  with  a  variety  of 
chelating  carboxylates  (L)  yielded  a  series  of  compounds  of  the  general  formula 
Y(macrocycle)(L)2Cl  nHjO.  Substitution  of  the  chloride  counterion  by  perchlorate  resulted  in 
the  formation  of  a  product  containing  two  alternating  complex  entities: 
Y(macrocycle)(CH3COO)2(C104)  and  Y(macrocycle)(H20)(CH3C00)2(ClO4)  •  CHgOH.  The 
crystal  and  molecular  structure  of  this  unique  compound  were  confirmed  by  X-ray  diffraction. 


ISOLATION  OF  LIPIDS  FROM  THE  PLATE  JELLYFISH.  Jennifer  C.  Brice,  C.  E.  Bell, 
Jr.,  K.  G.  Brown,  Department  of  Chemical  Sciences,  Old  Dominion  University, 
Norfolk,  VA  23508,  S.  G.  Davis  and  D.  B.  Spangenberg,  Medical  College  of 
Hampton  Roads,  Norfolk,  VA  23507.  Lipid  extractions  from  the  polyp  and  ephyra 
stages  of  Aurelia  aurita  were  analyzed  by  TLC  and  FTIR.  Fed  and  starved  polyps 
showed  differences  in  lipid  composition.  Techniques  for  examination  of  single 
polyps  were  developed  and  used  to  show  the  similarities  of  the  lipids  of  the 
fed  polyps  to  the  lipids  of  brine  shrimp,  the  primary  food  for  these  polyps. 


THE  DEVELOPMENT  OF  A  MASS  SPECTROMETER  INLET  FOR  USE  ON  THE  TETHERED  SATELLITE 
AND  ENTRY  VEHICLE  SYSTEMS.  David  R.  Brown,  Kenneth  G.  Brown,  Charles  Fishel, 
Dept,  of  Chem.,  Old  Dominion  Univ.,  Norfolk,  Va  23508  &  Beverly  Lewis,  George  M. 
Wood,  NASA- Langley  Res.  Ctr.  Hampton,  Va  23665.  Sample  removal  from  the  surface 
of  an  entry  vehicle  or  tethered  satellite,  for  the  purpose  of  the  determination 
of  chemical  composition  by  an  on-board  mass  spectrometer (MS),  must  be  performed 
in  a  manner  which  minimizes  any  perturbation  of  the  flow  field.  Such  a  non- 
intrusive  sampling  is  possible  if  the  inlet  provides  effusive  flow  over  the 
range  of  surface  pressures  that  a  particular  vehicle  might  encounter.  An  opening 
with  an  extremely  small  radius  (<10u)  would  provide  an  effusive  flow  which  would 
not  be  sufficient  for  a  successful  determination  by  the  MS.  An  array  of  such 
small  holes  in  a  single  device,  such  as  a  multi-channel  plate(mcp),  would 
provide  a  suitable  sample  flow.  The  flow  characteristics  of  several  mcps  over 
the  range  of  pressures  that  might  be  expected  in  an  actual  flight  or  orbit  are 
described  in  this  report.  The  maximum  pressure  at  which  an  individual  mcp  can 
operate  as  an  effusive  inlet  is  determined.  The  effect  of  the  array  of  small 
openings  upon  the  composition  of  the  sampled  gas  has  been  characterized  for  our 
test  gas  mixture  of  N2/Kr/Ne.  In  our  experimental  configuration  we  have  observed 
an  increase  in  the  ratio  of  Kr/Ne. 


THE  DEVELOPMENT  OF  OXIDATION  CATALYSTS  FOR  C02  LASERS.  Kenneth  G.  Brown  & 
Jacqueline  Schryer,  Dept,  of  Chem.,  Old  Dominion  Univ.,  Norfolk,  Va  23508, & 
George  M.  Wood,  Billy  T.  Upchurch,  David  Schryer,  Irvin  Miller,  Barry 
Sidney,  Robert  Hess,  Patti  Paulin  &  Ron  Hoyt,  NASA-Langley  Res.  Ctr.  Hampton 
VA  23665.  One  of  the  limiting  factors  controling  the  length  of  the  time  of 
operation  of  a  closed-cycle  C02  laser  is  the  dissociation  of  C02  into  CO  and  02 
by  electron  impact.  The  resultant  increase  in  02  concentration  causes  discharge 
within  the  laser  cavity  terminating  laser  operation.  The  removal  of  the  02  is, 
then,  an  important  factor  in  extending  the  operating  lifetime  of  the  laser.  In 
this  report  we  describe  the  results  of  our  tests  of  a  catalyst,  Pt/Sn02,  that  is 
effective  in  facilitating  the  oxidation  of  the  CO.  We  have  determined,  in  our 
surrogate  laser  facility,  the  effect  of  the  following  operational  parameters 
upon  catalyst  efficiency:  1)  temperature,  2)  mass  of  catalyst,  3)  composition  of 
catalyst,  4)  gas  flow  rate  and  5)  catalyst  decay  rate.  These  parameters  can 
then  be  combined  in  an  algorithm  for  the  purpose  of  scaling  the  catalyst  to  an 
operational  laser  facility.  We  will  also  describe  the  results  of  some  tests  of 
the  catalyst  in  an  operating  laser. 


THE  VIRGINIA  JOURNAL  OF  SCIENCE 


97 


PHOSPHOLIPID  HEAD  GROUP  CONFIGURATION  BY  VIBRATIONAL  SPECTROSCOPY.  Kenneth 
G. Brown, Dept,  of  Chem.,  Old  Dominion  Univ.,  Norfolk,  Va  23508,  &  Ellen 
Bicknell- Brown,  Dept,  of  Chem.,  Wayne  State  Univ.,  Detroit,  MI  48202.  We  have 
previously  calculated  the  vibrational  mode  frequencies  for  diethyl  phosphate 
rotamers  having  the  geometries  determined  for  crystalline 

glycerophosphorylcholine  (GPC)  in  three  structural  forms;  GPC-1 ,  GPC-2  and  as 
the  CdCl2  complex  GPC'CdC^*  The  values  of  the  calculated  frequencies  agreed 
well  with  those  experimentally  measured.  More  importantly,  the  changes  in 
calculated  frequencies  induced  by  molecular  geometry  differences  are  in  good 
agreement  with  those  observed.  In  this  report  we  investigate  the  validity  of 
these  normal  coordinate  analyses  for  phosphatidylethanolamine  by  calculating 
frequencies  for  diethyl  phosphate  rotamers  using  the  dihedral  angles  found  for 
crystalline  glycerophosphatidylethanolamine  (GPE)  and 

dilaurylphosphatidylethanolamine  co-crystallized  with  glacial  acetic  acid 
(DLPE'HAc).  These  normal  coordinate  analyses  are  then  used  to  estimate  head 
group  geometries  for  dipalmitoylphosphatidylcholine  (DPPC)  and 
dipalmitoylphosphatidylethanolamine  (DPPE)  in  both  the  powder  and  aqueous 
dispersion  states. 


DEVELOPMENT  OF  A  SPECIFIC  tRNA  SUBSTRATE  FOR  A  RIBOSE  METHYLTRANSFERASE.  G.  Bu* 
and  T.  0.  Sitz,  Dept,  of  Biochemistry,  Virginia  Tech,  Blacksburg,  VA  24061.  We 
have  recently  isolated  a  2 ’ -0-methyl transferase  from  Ehrlich  ascites  cells 
which  has  high  specificity  for  tRNA  isolated  from  mice  treated  with  ethionine. 
This  methyl  deficient  tRNA  is  an  excellent  substrate  but  represents  a  hetero¬ 
geneous  population  of  many  different  tRNA  species  with  different  levels  of 
methylation.  We  currently  report  that  this  ribose  methyl  transferase  isolated 
from  nuclei  uses  only  the  methyl  deficient  tRNA  as  a  substrate  and  will  not  use 
tRNA  isolated  from  non-ethionine  treated  mouse  liver,  yeast,  or  E.  coli.  Thus 
this  enzyme  has  very  high  substrate  specificity.  We  are  currently  trying  to 
use  a  cloned  gene  for  tRNAP'ie  from  yeast  to  produce  unmodified  tRNA  substrate. 
The  yeast  tRNAP'ie  is  about  80%  identical  to  the  one  in  mouse  and  has  two 
ribose  methylation  sites  in  the  anticodon  looo. 

ELECTRONIC  EFFECTS  IN  THE  SYNTHESIS  OF  TETRAPHENYLPORPHYRINS ,  Charles  M.  Bump 
and  Christopher  J.  Soares*,  Dept,  of  Chemistry,  Hampton  Univ.,  Hampton,  VA 
23668.  Tetraphenylporphyrins  are  used  as  model  compounds  for  biologically 
important  macromolecules  such  as  hemoglobin,  myoglobin,  and  cytochrome  C.  The 
condensation  of  pyrrole  and  benzaldehyde  in  refluxing  acetic  or  propionic  acid 
affords  tetraphenylporphyrins  in  less  than  20%  yield.  Electron  withdrawing 
groups  on  benzaldehyde  enhance  the  isolated  yield  of  tetraphenylporphyrin  in  a 
manner  consistent  with  the  Hammett  substituent  constants,  p-nitrobenzaldehyde , 
for  example,  gives  a  70%  yield  of  tetra(p-nitrophenyl)porphyrin. 


THE  K0LBE  ELECTROLYSIS  -  ANOTHER  LOOK.  Charles  M.  Bump  and  Carolyn  R.  Keaton*, 
Dept,  of  Chemistry,  Hampton  Univ.,  Hampton,  VA  23668.  The  Kolbe  electrolysis 
is  a  classic  method  for  the  oxidative  coupling  of  two  molecules  of  a  carboxy- 
late  ion  to  form  an  alkane  with  the  concommitant  evolution  of  two  molecules  of 
carbon  dioxide.  Literature  references  specify  high  current  densities  and  high 
voltages  to  carry  out  this  electrosynthesis.  Using  the  reaction  system. 

2  CH  (CH  )  CO  ■>  CH  (CH  )  CH  +  2  CO  +  2  e~ 

3262  3  2123  2 

we  have  found  that  a  12  volt  d.c.  power  supply  and  a  large  area  platinum  elec¬ 
trode  in  a  divided  electrolysis  cell  produced  an  isolated  yield  of  40%  of  the 
theoretical  amount  of  alkane  based  on  moles  of  carboxylate  salt.  The  anode 
compartment  was  1.0  M  in  aqueous  sodium  hydroxide  and  1.0  M  in  octanoic  acid. 
This  work  was  supported  by  the  Hampton  Roads  Local  Section  of  the  American 
Chemical  Society  under  project  SEED. 
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ULTRA  TRACE  DETECTION  OF  HYDRIDE  FORMING  ELEMENTS  USING  A  HELIUM  DISCHARGE 
DETECTOR.  Laura  Cairncross*,  Peter  McAteer*,  Tom  Ryerson*,  Gary  Rice*,  Dept, 
of  Chem. ,  Col.  William  and  Mary,  Williamsburg,  Va.  23185.  Over  the  past  year 
we  have  developed  and  refined  an  atmospheric  pressure  helium  discharge  as  an 
atomic  excitation  source  and  detector  for  gas  chromatography.  The  high  produc¬ 
tion  of  helium  metastable  species,  and  their  interaction  with  analyte  molecules 
through  collisional  energy  transfer  processes,  has  resulted  in  picogram  limits 
of  detection  for  the  halogens,  S,  P,  and  Hg .  We  have  now  explored  the 
feasibility  of  observing  atomic  emission  from  As,  Bi,  Ge ,  Pb ,  Sb ,  Se ,  Sn ,  and 
Te  by  producing  the  volatile  hydrides  for  introduction  into  the  helium  dis¬ 
charge.  The  experimental  design  and  analytical  merits  (limits  of  detection, 
linear  range  of  response)  of  the  system  will  be  discussed  in  detail. 
(Supported  by  grants  from  the  Petroleum  Research  Fund  and  Jeffress  Memorial 
Trust . ) 


NEPLANOCIN  A:  THE  METABOLISM  OF  THIS  ADENOSINE  ANALOG  IN  RAT  KIDNEY  CELLS. 

E.  Cappelluti,  D.  Austin,  and  T.  0.  Sitz,  Dept,  of  Biochemistry,  Virginia  Tech, 
Blacksburg,  VA  24061.  We  had  previously  reported  that  when  normal  rat  kidney 
(NRK)  cells  are  grown  in  the  presence  of  0.1  yM  neplanocin  A  there  was  a  com¬ 
plete  inhibition  of  the  late  cytoplasmic  methylation  (UmG)  of  5.8S  rRNA  with  no 
inhibition  of  the  early  methylation  (GmC)  even  at  100  yM  neplanocin  A.  No 
significant  effect  was  seen  on  RNA  synthesis  or  rRNA  processing  until  10  yM 
neplanocin  A.  We  currently  report  that  in  this  same  cell  line,  neplanocin  A 
caused  a  large  increase  in  S-adenosyl homocysteine  (AdoHcy)  levels.  Also, 
neplanocin  A  was  metabolized  to  S-neplanocylmethionine  (NeplMet)  and  to  S- 
nepl anocyl homocysteine  (NeplHcy).  At  10  yM  neplanocin  A  there  was  a  36-fold 
increase  in  the  levels  of  "AdoMet"  (AdoMet  and  NeplMet)  and  a  45-fold  increase 
in  the  levels  of  "AdoHcy"  (AdoHcy  and  NeplHcy).  The  structure  of  the  metabolite 
NeplMet  was  verified  using  FAB  mass  spectrometry.  On  the  basis  of  these  data 
we  concluded  that  neplanocin  A  was  acting  as  a  potent  inhibitor  of  AdoHcy 
hydrolase  and  was  being  phosphorylated  to  the  nucleoside  triphosphate  analog  of 
ATP  which  is  converted  to  NeplMet.  The  high  levels  of  NeplMet,  in  turn,  result 
in  formation  of  significant  levels  of  NeplHcy. 

CONSTRUCTING  A  DNA  BUILDING  BLOCK  FROM  SIMPLE  MATERIALS.  John  R,  Carder. 
Richard  B.  Moore,  Stanley  C.  Hall,  Michael  A.  Pleva,  James  K.  Shillington, 

Dept,  of  Chemistry,  Washington  and  Lee  Univ. ,  Lexington,  VA  24450.  The 
DNA  molecule  is  common  to  all  living  things.  This  key  molecule  consists 
of  a  nitrogenous  base  connected  to  a  ribose  sugar  molecule,  and  these 
sugar  molecules  are  linked  together  by  phosphate  groups.  For  years 
experts  have  speculated  on  how  the  DNA  molecule  originally  formed.  The 
present  theory  states  that  the  bases  were  first  joined  to  the  sugar 
molecules,  and  these  units  then  joined  with  the  phosphate  molecules.  Our 
research  team  has  attempted  to  support  the  theory  that  the  sugar  and 
phosphate  molecules  first  formed  a  chain,  and  the  nitrogenous  bases  were 
added  later. 
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POTENTIAL,  LONG-ACTING  DIHYDROPYRIDINE  ANTIHYPERTENSIVE  AGENTS.  Thomas  _E. 
Christos  and  R.  L.  Williams,  Dept,  of  Chemical  Sciences,  Old  Dominion  Univer¬ 
sity,  Norfolk,  VA  23508.  In  an  effort  to  design  a  new,  long  acting  analog  of 
Nifidipine,  we  have  begun  an  investigation  of  N-l  substituted  nifidipine 
systems  which  possess  a  potential  site  for  covalent  bonding  to  the  dihydro¬ 
pyridine  receptor.  Hausch  condensation  using  ethanolamine  in  place  of  ammonia 
has  led  to  a  new  structure  (1)  which  will  then  be  converted  to  the  appropriate 
chloro  or  tosyl  derivative  (2),  (3).  These  compounds  will  hopefully  produce 
the  corresponding  aziridinium  ion  Jri  vivo  and  give  rise  to  a  long  term 
antagonist  effect  at  the  receptor  site. 


co^c^ 


SYNTHESIS  AND  ELECTROCHEMISTRY  OF  CIS-DIOXOMOLYBDENUM(VI) 
COMPLEXES  WITH  STERICALLY  BULKY  TRIPODAL  TETRADENTATE 
LIGANDS.Christopher  J.  Cook  and  Joseph  Topich,  Dept,  of  Chem.,  Va.  Com¬ 
monwealth  Univ.,  Richmond,  VA  23284.  A  new  series  of  sterically  bulky  tripodal 
tetradentate  ligands  have  been  synthesized.  The  ligands  were  found  to  react 
readily  with  Mo02(acac)2  in  absolute  methanol  to  yield  the  corresponding  cis- 
dioxoMo(VI)  complexes.  These  complexes  were  characterised  by  IR,  'll  and  13C 
NMR,  UV-vis  spectroscopy,  elemental  analysis  and  cyclic  voltammetry  (CV).  Cyclic 
voltammetry  was  performed  in  DMF  and  CH2C12.  In  CH2C12 
the  ease  of  reduction  was  found  to  decrease  in  the  order 
Mo02L(X=SCH3)  >  Mo02L(X=OCH3)  >  Mo02L(X=N(CH3)2). 

The  CV  results  are  consistent  with  that  expected  for  a  S,0,N 
substitution  pattern.  (Supported  by  the  Grants-in-Aid  Pro¬ 
gram  for  Faculty  of  Va.  Commonwealth  Univ.). 


Ph 

X=OCH3,N(CH3)2,orCH3S. 


PREPARATION,  PROPERTIES  AND  REACTIVITY  OF  NOVEL  PEROXO  COMPLEXES  OF  VANADIUM 
AND  MOLYBDENUM  WITH  NICOTINIC  ACID.  Cirila  Djordjevic,  Bruce  C.  Purvear*  and 
Christopher  J.  Abelt*,  Dept,  of  Chem. ,  College  of  William  and  Mary, 
Williamsburg,  VA  23185.  Peroxo  heteroligand  complexes  of  V(V)  and  Mo(VI)  are 
epoxidation  catalysts,  some  V(V)  compounds  have  shown  biological  activity,  and 
for  Mo  (VI)  an  interesting  conversion  of  malic,  malonic  and  aspartic  acid  to 
oxalates  was  observed.  We  have  recently  prepared  compounds  containing  a  novel 
combination:  peroxides  and  nicotinic  acid  (NAH) .  Investigation  of  these 

systems  produced  some  new  and  unexpected  results,  including  a  vanadium 
catalyzed  substitution  on  the  heterocyclic  ring.  Five  novel  compounds  were 

13 

prepared  and  characterized  by  analysis,  IR,  UV/V,  proton  and  C  nmr  spectra. 
A  finely  crystalline  and  stable  complex  of  the  composition 

can  be  obtained  at  pH  =  3  -  4.  Molybdenum  compounds  are  obtained  at  lower  pH, 
and  two  yellow  compounds,  corresponding  to  the  formula  MoCRC^) 2NAH(H20)  and 

MoC^ (C>2 )  (NAH) 2  were  prepared.  The  studies  show  that  nicotinic  acid  easily 

enters  the  coordination  sphere  of  oxo  peroxo  vanadates  and  molybdates  and  in 
the  solid  state,  vanadium  and  molybdenum  coordinate  via  carboxylato  oxygens. 
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RELATIVE  EFFICIENCY  OF  VERTICAL  ROTOR  ULTRACENTRIFUGATION  AND  PRECIPITATION 
METHODS  FOR  ISOLATION  OF  LOW  DENSITY  LIPOPROTEINS.  Carol  D.  Elliott  and  Margaret 
F.  Pinkston,  Dept,  of  Biochem.,  Mary  Baldwin  Col.,  Staunton,  Va.  24401.  Lipo¬ 
protein  studies  at  Mary  Baldwin  Col.  have  been  based  on  the  hypothesis  that, in 
individuals  with  delayed-type  hypersensitivity  to  certain  foods,  one  of  the 
plasma  lipoproteins  (LPs)  may  be  genetically  defective.  Study  of  LPs  requires 
their  extraction  from  blood  and  further  separation  into  classes  defined  on  the 
basis  of  their  density.  Our  studies  have  focused  specifically  on  the  low  density 
lipoproteins  (LDL).  Two  different  methods  of  isolation  were  evaluated:  vertical 
rotor  ultracentrifugation  and  polyanion/divalent  cation  precipitation.  Until 
now, in  our  lab.,  LDL  have  been  prepared  by  precipitation,  but  the  recent  purchase 
of  a  Sorvall  0TD-50  B  ultracentrifuge  has  made  use  of  the  alternative  method 
possible.  Since  the  original  density  classification  of  LPs  was  established  on 
the  basis  of  ultracentrifugation,  it  seemed  possible  that  better  LP  preparations 
might  be  obtained  through  use  of  this  method.  Results  of  this  study  indicate 
that  ultracentrifugation  yields  LDL  of  higher  concentration  than  does 
precipitation.  Also,  the  procedure  is  less  demanding  in  the  scheduling  of  time, 
which  is  an  important  factor  in  undergraduate  research  efforts. 

MODULATION  OF  QUEUINE  TRANSPORT  AND  TRANSFER  RNA  MODIFICATION  AS  EARLY  TUMOR 
PROMOTING  EVENTS  IN  CULTURED  HUMAN  FIBROBLASTS.  Mark  S.  Elliott,  Dept,  of 
Chem. ,  Old  Dominion  Univ. ,  Norfolk,  VA  23508.  The  modified  base  queuine  is 
inserted  post  transcriptionally  into  the  first  position  of  the  anticodon  of 
tyrosine,  histidine,  asparagine  and  aspartic  acid  tRNAs.  Tumor  promoting 
phorbol  esters  inhibit  the  queuine  modification  of  these  tRNAs,  which  strongly 
correlates  to  an  increase  in  the  cultured  cells  population  density.  Phorbol 
esters  do  not  block  the  enzymatic  insertion  of  queuine  into  tRNA,  but  do  block 
membrane  transport  of  the  performed  base  (a  dietary  requirement  in  mammals). 

The  transport  mechanism  is  a  complex  system  demonstrating  biphasic  kinetics 
with  high  and  low  Km  components.  The  low  Km  component  is  susceptible  to 
phorbol  ester  induced  inhibition,  presumably  through  the  action  of  the  activated 
phorbol  ester  receptor,  protein  Kinase  C.  Furthermore,  an  uncharacterized 
protein  factor  is  required  to  enable  phorbol  ester  to  induce  queuine  transport 
inhibition,  and  this  factor  is  mimiced  by  the  interferon  inducer  polyinosinic- 
polycytidylic  acid. 


INOSINE  MODIFICATION  OF  TRANSFER  RNA:  A  ROLE  IN  DIFFERENTIATION  OF  CULTURED 
HUMAN  LEUKEMIAS  AND  IMMUNE  DYSFUNCTION  DISEASES.  Mark  S.  Elliott,  Dept,  of 
Chem.  Sci.,  Old  Dominion  University,  Norfolk,  VA  23508.  Hypoxanthine  induced 
differentiation  of  cultured  leukemia  cells  occurs  through  a  previously  undefined 
mechanism.  The  recent  discovery  of  tRNA-hypoxanthine  ribosyltransferase,  an 
enzyme  catalyzing  the  exchange  of  hypoxanthine  for  a  primary  transcript  adenine 
in  the  wobble  position  of  a  specific  sub-set  of  tRNA  isoacceptors,  may  explain 
the  induced  differentiation  in  terms  of  tRNA  modification.  Inserting  hypoxan¬ 
thine  into  tRNA  generates  inosine  which  has  the  ability  to  "wobble"  with  much 
greater  freedom.  The  differences  in  decoding  potential  for  hypoxanthine/inosine 
modified  tRNAs  may  result  in  translational  efficiency  differences,  promoting 
protein  production  which  leads  to  differentiated  cell  function. 


THE  ANALYSIS  OF  RIB0S0MAL  SUBUNITS  ON  COMPOSITE  POLYACRYLAMIDE-AGAROSE  GELS. 

T.  R.  Fouts  ,  and  T.  0.  Sitz,  Dept,  of  Biochemistry,  Virginia  Tech,  Blacksburg, 
Va.  24061.  We  are  attempting  to  develop  a  electrophoretic  procedure  using 
composite  polyacrylamide-agarose  gels  to  characterize  various  polysome  prepara¬ 
tions  of  Candida  albicans,  a  pathogenic  yeast.  Polysomes  of  procaryotes  have 
been  separated  using  this  gel  system;  however,  application  of  this  analytical 
technique  to  eucaryotic  ribosomes  has  not  been  well  developed.  We  are 
currently  using  mouse  liver  polysomes  as  a  model  for  the  separation  of 
eucaryotic  ribosomal  subunits  on  composite  gels.  If  the  procedure  works  well 
for  the  separation  of  EDTA  dissociated  polysomes  then  we  will  apply  it  to 
intact  polysomes.  We  have  also  used  polyacrylamide  gel  procedures  to  charac¬ 
terize  the  intactness  of  the  RNA  in  polysomes  to  monitor  degradation.  Multiple 
staining  methods  were  used  to  visualize  the  ribonucleoprotein  particles. 
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ENVIRONMENTAL  CONTAMINATION  FROM  COAL  FLY  ASH  COMPONENTS.  George  C.  Grant . 

Dept  o-f  Chemical  Sciences,  ODU,  Norfolk,  VA  23508.  Bruce  J.  Neilson  and  Gene 
M.  Silberhorn,  VIMS,  Gloucester  Point,  VA  23062. 

Fly  ash  derived  from  a  mixture  o-f  coal  and  refinery  coke  has  mobilized  from  the 
ash  disposal  pits  to  the  surrounding  area  near  the  Ch i sman  Creek  estuary  in 
York  County,  VA.  Using  PIXE  ( Proton- i nduced  X-ray  Emission)  and  graphite 
furnace  atomic  absorption  techniques  we  have  tested  the  level  of  contamination 
in  groundwater,  surface  water,  flyash,  soils  near  the  pits,  and  a  variety  of 
plants  in  the  immediate  vicinity. 

Cores  from  monitoring  wells  drilled  into  one  of  the  pits  were  analyzed  to 
determine  the  spatial  elemental  conposition  within  the  fly  ash  and  fly  ash 
leachate.  Analysis  of  shallow  and  deep  well  waters  gave  evidence  for  both 
vertical  and  lateral  migration  of  leachate  from  the  pit,  although  apparently 
limited  by  soil  interactions.  Comparison  of  PIXE  analyses  of  leaf  tissues  from 
controls  with  tissues  from  woody  upland,  woody  wetland,  and  wetland  monocot 
species  demonstrated  accumulation  of  several  elements,  especially  selenium  and 
nickel.  Ni,  V,  and  As  concentrations  were  higher  in  surface  sediments  for  the 
upper  mile  of  Chisman  Creek. 

ACID  RAIN  SAMPLE  PREPARATION  AND  STORAGE.  Brian  S.  Haggerty.  Jeffrey  S. 
Mandak,  Joseph  D.  Fisher,  Brad  Whitcomb,  Michael  A.  Pleva,  James  K. 
Shillington,  Dept,  of  Chemistry,  Washington  and  Lee  Univ. ,  Lexington,  VA 
24450.  In  the  past,  the  acid  rain  research  at  Washington  and  Lee  has 
concentrated  on  studying  the  effects  of  acid  precipitation.  However, 
research  of  the  literature  in  this  field  identified  the  need  for 
evaluation  of  the  many  acid  rain  sample  preparation  and  storage  methods. 

The  initial  phase  of  the  experimental  entailed  the  monitoring  of 
precipitation  in  order  to  determine  the  average  acidity.  Next,  the 
analysis  of  five  sample  preparation  methods  was  performed  by  subjecting 
aliquots  of  a  rain  sample  to  the  varying  methods  and  then  comparing  the  pH 
of  the  resultant  samples.  Similarly,  the  twelve  sample  storage  techniques 
were  evaluated  by  monitoring  the  change  in  acidity  over  time.  Finally, 
the  various  methods  of  acid  precipitation  collection  were  investigated, 
and  preliminary  work  for  evaluating  these  preparation,  storage,  and 
collection  techniques  with  regard  to  monitoring  of  the  organic  components 
of  the  precipitation  was  performed. 


SEPARATION  OF  GOSSYPOL  DEGRADATION  COMPONENTS  ON  REVERSED  PHASE 
HIGH  PERFORMANCE  LIQUID  CHROMATOGRAPHY.  Han-Ping  Huang  and  James 


H.  Yuan,  Dept,  of  Chemical  Scienc 
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EXPERT  SYSTEMS  AS  ANALYTICAL  TOOLS.  HELEN  D.  IAMS,  J.B.  PATRICK,  FRANK  SETTLE1, 
M.  PLEVA  ,  John  Baker  Daffin  Dept,  of  Chemistry,  Mary  Baldwin  Coll.,  Staunton, 
Virginia  24401,  (l)  Virginia  Military  Inst.,  (2)  Washington  and  Lee  Univ. 

One  "branch  of  artificial  intelligence  that  is  finding  many  applications  in 
chemistry  is  expert  systems.  These  systems  contain  the  knowledge  of  human  ex¬ 
perts  and  the  resulting  knowledge  base  can  be  consulted  when  human  expertise 
is  unavailable  or  too  expensive.  EXSYS,  a  relatively  easy  to  program  expert 
system  shell,  is  presently  being  used  to  produce  a  chemical  knowledge  base. 

The  structured  shell  limits  the  problem  solving  capabilities  of  the  system  but 
a  creative  approach  to  designing  the  knowledge  base  can  offset  some  of  the  dis¬ 
advantages.  We  have  applied  this  approach,  building  a  knowledge  base  containing 
information  on  surface  analysis  that  we  have  received  from  several  human  ex¬ 
perts.  After  querying  the  user  about  sample  type,  information  desired,  and 
operating  parameters,  the  system  will  access  a  data  base  and  select  a  method 
of  analysis. 


THEORETICAL  STRUCTURE  AND  VIBRATIONAL  FREQUENCIES  OF  BBO,  BOB, 

OBBO  AND  BOBO.  Loyde  F.  Jones,  H.  Ginn  and  D.D.  Shillady,  Dept, 
of  Chemistry,  Va.  Commonwealth  Univ.,  Richmond,  VA  23284. 

Recent  fluorescence  studies  by  Devore  and  Gole  indicate  that 
boron  oxides,  possibly  BBO,  BOB,  OBBO  and  BOBO,  are  formed  in  the 
gas  phase  reaction  of  boron  vapor  with  nitrogen  dioxide: 

B2  +  N02  -*  BBO  +  NO  +  ? 

This  study  has  used  ab  initio  quantum  chemistry  on  a  microcomputer 
(IBM  PC/XT  with  Definicon  DSI-780+/4  coprocessor)  with  an  analyt¬ 
ical  gradient  and  finite  difference  approximation  to  the  force- 
constant  matrix  to  predict  molecular  geometries,  normal  modes  and 
vibrational  frequencies  for  four  oxides  of  boron.  Dunning-Huzin- 
aga  basis  (9s/5p)  calculations  give  reasonable  indications  that 
the  observed  fluorescence  is  most  likely  from  BBO,  possibly  also 
from  OBBO,  but  not  from  BOB  or  BOBO. 

(Work  supported  by  Grant  No.  J-108  from  the  Thomas  F.  Jefress  and 
Kate  Miller  Jefress  Memorial  Trust.) 

A  CRITICAL  COMPARISON  OF  MICROSCALE  AND  MACROSCALE  ORGANIC  LABORATORY  EXPERI¬ 
MENTS.  Stephanie  L.  King*  &  Roy  F.  Gratz,  Dept,  of  Chem. ,  Geol.,  &  Phys., 

Mary  Washington  Col.,  Fredericksburg,  VA  22401.  Macroscale  organic  chemistry 
has  been  performed  in  the  introductory  organic  chemistry  laboratory  for  more 
than  a  century.  Recently,  microscale  techniques  have  been  introduced  in  order 
to  decrease  air  polution,  to  lessen  fire  and  explosion  risks,  to  cut  operating 
costs,  as  well  as  to  reduce  the  problem  of  toxic  waste  disposal  in  the  labora¬ 
tory.  We  have  run  five  typical  sophomore  organic  chemistry  experiments  on  both 
the  macro-  and  microscales,  and  we  will  present  a  critical  comparison  of  the 
two  techniques  from  the  point  of  view  of  the  student. 


DEVELOPMENT  OF  A  NEW  SUPPORT/STATIONARY  PHASE  FOR  GLC .  Nicholas  M,  Komas . 
Robert  V.  Williamson,  John  L.  Cerow,  Michael  A.  Pleva,  James  K. 
Shillington,  Dept,  of  Chemistry,  Washington  and  Lee  Univ.,  Lexington,  VA 
24450.  There  are  hundreds  of  stationary  phases  used  in  gas 
chromatography.  In  fact  there  are  so  many  that  it  is  sometimes  difficult 
to  choose  the  proper  stationary  phase  for  a  given  separation.  Stationary 
phases  in  G.C.  can  be  classified  according  to  their  polarity  (e.g.  from  a 
nonpolar  hydrocarbon  such  as  squalene  to  a  polar  polyethylene  glycol  such 
as  carbowax) .  To  devise  a  versatile  G.C.  column  which  can  separate  sample 
components  of  a  wide  range  of  polarities  it  is  plausible  to  use  a 
stationary  phase  with  both  polar  and  non  polar  properties.  For  example, 
one  could  use  ionic  surfactants  such  as  sodium  palmitate  or  sodium  lauryl 
sulfate.  Preliminary  results  indicate  that  satisfactory  separations  can 
be  achieved  using  these  materials. 
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SYNTHESIS  AND  SPECTRAL  STUDY  OF  n-ALKYL  ADENOSINE  DIPHOSPHATE 
DERIVATIVES.  Jia-Hwei  Lin,  Han-Ping  Huang,  Gayle  J.  Singleton  and 
James  H.  Yuan,  Dept,  of  Chemical  Sciences,  Old  Dominion  Univ., 
Norfolk,  Va  23508.  The  n-alkyl  adenosine  diphosphate  derivatives 
( n-al ky 1- A  DPs )  were  synthesized  from  AMP  and  n-alky lphosphates . 

The  latter  compounds  were  derived  from  the  iodine  catalyzed 
condensation  of  n-alkyl  alcohols  with  phosphorous  acid  under 
anhydrous  conditions.  The  synthesis  of  the  n-alky 1-ADPs , 
n-propyl-ADP  to  n-nonyl-ADP  inclusively,  was  completed  by  linking 
AiMP-imidazolide  with  tributy  lammonium  salts  of  n-alky  lphosphates 
under  anhydrous  conditions.  The  resulting  compounds  were  purified 
on  a  DEAE-cel lulose  column  and  a  Dewex  50X8  ion  exchange  column, 
respectively.  Thin  layer  chromatography  was  used  to  monitor  the 
compounds  during  isolation  and  purification.  The  13C-NMR  spectral 
studies  confirmed  the  structures  of  the  compounds  by  their  number 
of  carbons  in  the  alkyl  groups  and  the  existence  of  the  adenosine 
group.  The  ratio  of  adenosine  moiety  to  phosphate  groups  in  these 
compounds  was  also  determined  and  calculated  to  be  1:2.  Hence,  we 
concluded  that  the  compounds  are  n-alky 1-ADPs . 

A  STUDY  OF  QUANTITATION  PRECISION  IN  CAPILLARY  GAS  CHROMATOGRAPHY. 

E.  M.  Marshall,*  J.  J.  Leary,  T.  N.  Gallaher*:  Department  of  Chemistry, 

James  Madison  University,  Harrisonburg,  VA  22807,  and  J.  Bcwermaster* :  CIBA- 
Geigy  Corp. ,  Greensboro,  NC  27419. 

This  is  a  study  of  factors  that  effect  quantitation  precision  measured  in 
terms  of  the  reproducibility  of  peak  area  ratios  in  capillary  gas  chromato¬ 
graphy.  Alkane  solutes  in  alkane  solvents  were  chromatographed  on  successive 
days,  and  the  resulting  peak  area  ratios  calculated  were  statistically  analyzed 
by  a  multiple  parameter  analysis  of  variance  (MANOVA) .  In  most  cases,  this 
analysis  shewed  that  the  scatter  observed  in  the  data  from  day  to  day  was 
significantly  larger  than  could  be  expected  as  a  result  of  random  error  alone. 
Factors  that  might  influence  long  term  precision  are  briefly  discussed.  A 
clear  distinction  is  made  between  the  precision  associated  with  a  given  analy¬ 
tical  procedure  as  opposed  to  the  precision  achievable  in  a  single  experiment 
over  a  small  time  frame. 


AN  FTIR  STUDY  OF  RABBIT  EMBRYO  DEVELOPMENT. Amy  Moler-Booth  &  Kenneth  G.  Brown, 
Dept,  of  Chem.  and  Subash  Huneja  and  Joseph  Daniel  Jr.,  Dept  of  Biol.,  Old 
Dominion  Univ.,  Norfolk,  Va  23508.  Attenuated  Total  Reflectance  (ATR)  was 
applied  in  the  determination  of  the  infrared  spectra  of  rabbit  embryos  ranging 
in  age  from  3  to  6  days.  Since  the  embryos  are  mostly  water,  deuteration  of  the 
embryo  was  necessary  to  eliminate  the  intense  water  background  that  is  present 
in  the  fundamental  region  of  the  infrared.  As  a  result  the  embryo  spectrum  was 
dominated  by  peaks  that  were  identified  as  being  due  to  vibrations  of  H20,  HOD 
and  D20.  These  peaks  had  to  be  eliminated  using  spectral  subtraction  techniques 
with  appropriate  mixtures  of  H20  and  D20.  To  verify  the  validity  of  the 
subtraction  procedure  the  spectrum  of  lysozyme  in  mixtures  of  H20  and  D20  was 
determined  and  compared,  after  spectral  subtraction,  to  the  known  spectrum  of 
the  pure  material.  The  subtraction  technique  could,  then,  be  applied  to  the 
embryo  spectra.  Several  bands  in  the  spectra,  particularly  in  what  is  known  as 
the  amide  region  of  the  spectrum  are  observed  to  change  as  the  embryo  matures. 
There  is  an  indication  of  structural  changes  occurring  in  both  the  proteins  and 
the  lipid  layer. 
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INHIBITION  STUDIES  OF  THE  ENZYME  D-AMINO  ACID  OXIDASE:  KINETICS  AND  POSSIBLE 
MECHANISMS.  Allen  J.  Ng*  &  R.  A.  Coleman,  Dept,  of  Chem.,  Col.  of  William  and 
Mary,  Williamsburg,  Va.  23185.  D-amino  acid  oxidase  (E.C.  4. 3. 1.1)  is  a  de- 
aminating  oxidoreductase  that  catalyzes  the  transformation  of  D-a-amino  acids 
into  their  corresponding  D-a-keto  acids.  Recent  inhibition  studies  with 
phenylpropiolic  acid  and  2 -phenylalanine  provide  some  novel  information  about 
the  enzyme's  catalytic  mechanism  and  active-site  topography.  Phenylpropiolic 
acid  inhibition  suggests  that  the  enzyme's  catalytic  mechanism  involves  the 
formation  of  a  transient  4a-hydroperoxy  species  on  the  enzyme's  cofactor, 
flavin  adenine  dinucleotide.  The  phenylpropiolic  acid  inhibits  the  enzyme 
uncompetitively  and  in  a  time  -  dependent  fashion.  The  second  inhibitor,  2- 
phenylalanine ,  also  inhibits  the  enzyme  in  an  uncompetitive,  but  reversible 
fashion.  Because  competitive  inhibition  was  not  observed,  it  is  concluded  that 
the  methyl  group  on  the  a-carbon  prevents  any  penetration  of  the  inhibitor  into 
the  enzyme's  active  site.  The  effect  could  be  either  steric,  inductive  or 
both.  (Supported  in  part  by  the  Llanso- Sherman  Research  Scholarship  Fund  of 
The  College  of  William  and  Mary.) 

THIN  LAYER  CHROMATOGRAPHY  OF  PROTEINS.  Joseph  Dean  Nuckols .  Michael  A. 
Pleva,  James  K.  Shillington,  Dept,  of  Chemistry,  Washington  and  Lee  Univ. , 
Lexington,  VA  24450.  Thin  layer  chromatography  has  long  been  a  valuable 
tool  in  the  separation  and  identification  of  organic  compounds,  including 
biomolecules  such  as  lipids  steroids,  and  amino  acids.  Its  value  in  the 
separation  of  proteins  has  been  investigated  very  little.  Although  the 
separation  of  proteins  can  be  affected  through  electrophoretic  techniques, 
thin  layer  chromatography  could  prove  valuable  in  selected  instances  such 
as  separations  requiring  two  dimensional  development.  A  stationary  phase 
of  cellulose  and  a  mobile  phase  of  a  polyethylene  glycol/water  solution 
has  been  used  to  separate  a  limited  number  of  water  soluble  proteins. 
Reversed-phase  thin  layer  chromatography  was  less  effective.  Developed 
plates  can  be  visualized  using  ninhydrin  spray  reagent. 


STUDIES  ON  AN  ALTERNATIVE  APPROACH  TO  PREPARATION  OF  INDOLO-4, 5-QUINONES  FROM 
5-HYDR0XYIND0LES.  James  B.  Patrick  and  Barbara  L.  Grant*,  John  Baker  Daffin 
Dept,  of  Chemistry,  Mary  Baldwin  College,  Staunton,  Virginia  24401. 

Although  indolo-4, 5-quinones  are  of  considerable  importance,  occurring  in  a 
number  of  natural  products  with  interesting  biological  activity,  only  a  few 
methods  are  available  for  their  synthesis.  The  commonest  approach  is  oxidation 
of  5_hydroxyindoles  with  Fremy's  Salt,  a  somewhat  unstable  and  occasionally 
capricious  reagent.  To  provide  an  alternative  route  to  indolo-4, 5-quinones, 
we  have  studied  a  procedure  closely  analogous  to  the  classic  preparation  of 
1,2-naphthoquinone  from  2-naphthol  by  way  of  l-nitroso-2-naphthol,  which  can 
be  reduced  to  the  aminophenol  and  reoxidized  with  ferric  chloride  to  the 
quin one.  Some  4-nitroso-5-hydroxyindoles  have  been  successfully  prepared. 

Since  l-nitroso-2-hydroxynaphthol  is  a  metal  precipitant,  we  have  investigated 
the  chelating  properties  of  the  analogous  indole  derivatives.  Preliminary 
results  suggest  that  metal  chelation  by  4-nitroso-5-hydroxyindoles  occurs, 
but  that  it  does  not  closely  parallel  the  behavior  of  l-nitroso-2-naphthol. 
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COMPARISION  OF  METHODS  FOR  STAINING  LOW  DENSITY  LIPOPROTEINS 
FOLLOWING  ELECTROPHORESIS  IN  POLYACRYLAMIDE  GELS.  T.  L.  Rickman 
and  M.  F.  Pinkston,  Dept,  of  Biochem.,  Mary  Baldwin  College, 
Staunton,  VA  24401.  In  order  to  determine  the  best  method  for 
staining  low  density  lipoproteins  and  apolipoprotein  B  after 
isoelectric  focusing  and  SDS-polyacry lamide  gel  electrophoresis, 
the  following  stains  were  tested  for  clarity  and  sensitivity: 

Serva  Coomassie  Blue  G-250,  R-250,  Blue  W  (water  based),  and  two 
silver  stain  methods.  A  Bio-Rad  Densitometer  with  Integrator  was 
used  in  evaluation  of  results.  The  lipoprotein  samples  were 
separated  from  human  serum  by  ultracentrifugation  or  by  polyanion/ 
divalent  cation  precipitation  (See  C.  D.  Elliott).  Purity  of  these 
samples  was  assessed  by  the  electrophoretic  techniques  mentioned 
above  and  used  to  evaluate  effectiveness  of  the  separation  methods. 
Serva  Blue  W,  though  not  quite  as  sensitive  to  very  low  concen¬ 
trations  as  silver  staining,  gave  clearer  banding  and  was  more 
easily  seen  against  a  contrasting  white  background.  Also,  being 
water  based  it  was  easier  to  handle,  and  therefore  was  considered 
to  be  the  stain  of  choice  for  our  purposes. 

ANALYSIS  OF  THE  CRETACEOUS-TERTIARY  BOUNDARY  AT  TRINIDAD, 
COLORADO,  USING  INFRARED  ABSORPTION  SPECTROSCOPY.  Joanne  M. 
Royaltey ,  James  P.  Whitfield,  John  W.  Happ,  Science  Division, 
Shenandoah  College,  Winchester,  VA  22601. 

Previous  studies  of  the  clay  layer  at  the  Cretaceous-Tertiary 
boundary  have  revealed  an  anomalous  elemental  analysis. 
Chemical  analysis  of  this  boundary  has  sparked  heated  debate 
concerning  the  nature  of  the  biological  crisis  that  resulted  in 
the  disappearance  of  the  dinosaurs  about  65  million  years  ago. 

This  talk  will  present  the  results  of  an  infrared  absorption 
analysis  of  the  Cretaceous-Tertiary  boundary  at  the  Clear  Creek 
site  near  Trinidad,  Colorado.  Key  geological  layers  have  a 
characteristic  signature  IR  spectrum  which  provide  an  initial 
characterization  of  the  K/T  boundary.  The  presentation  will 
include  a  discussion  of  other  methods  used  to  locate  this 
mass-extinction  boundary. 


SPECTROSCOPY  OF  JET-COOLED  d-DICHLOROBENZENE  AND  p-DICHLOROBENZENE  -  ARGON 
VAN  DER  WAALS  COMPLEX-  1L  EL  Sands  and  R.  Moore,  Dept,  of  Chem. ,  Virginia 
Commonwealth  University,  Richmond,  Va.  23284.  Fluorescence  excitation  spectra 
have  been  obtained  for  p-dichlorobenzene  in  a  pulsed  supersonic  expansion  in 
He,  Ar,  and  dilute  Ar/He  mixtures.  Prominent  in  the  spectra  are  vibronic  fea¬ 
tures  which  are  assignable  to  totally  symmetric  vibrations  as  well  as  non- 
totally  symmetric  vibrations  which  are  induced  via  vibronic  coupling  with  the 
next  highest  singlet  state.  Isotope  effects  attributable  to  ^Cl  and J7C1  are 
observed  in  the  vibronic  transition  7a'0 ,  which  corresponds  to  excitation  of 
one  quantum  of  the  Ring  -  Cl  symmetric  stretch  in  the  excited  state.  Van  der 
Waals  features  appear  30  cm  and  60  cm  1  to  the  red  of  bare  molecule  features 
and  are  identified  as  p-dichlorobenzene  -  argon  van  der  Waals  complexes  con¬ 
taining  one  and  two  argon  atoms,  respectively.  (Supported  by  ACS-PRF  grant 
16796-G6  and  The  Jeffress  Memorial  Trust,  grant  J-75) 
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INHIBITION  OF  CHICKEN  MUSCLE  LACTATE  DEHYDROGENASE  WITH  n-ALKYL 
ADENOSINE  DIPHOSPHATE  DERIVATIVES.  Gayle  J.  Singleton,  Jia-Hwei 
Lin,  Han-Ping  Huang,  and  James  H.  Yuan,  Dept,  of  Chemical 
Sciences,  Old  Dominion  Univ.  Norfolk,  Va  23508.  Chicken  muscle 
lactate  dehydrogenase  (LDH)  was  shown  to  be  inhibited  by  a 
homologous  series  of  n-alkyl  adenosine  diphosphate  derivatives 
(n-alkyl-ADPs).  The  inhibition  obtained  was  found  to  be 
competitive  with  respect  to  NAD.  Interactions  of  this  group  of 
inhibitors  with  adenosine  diphosphate  binding  regions  at  the 
coenzyme-binding  site  of  the  enzyme  was  suggested  by  their 
competitive  nature.  The  effectiveness  of  the  inhibition  by  these 
inhibitors  is  increased  with  increasing  chain  length  of  the 
inhibitors  ranging  from  propyl  to  hexyl  groups.  This  chainlength 
effect  suggests  nonpolar  interaction  with  a  hydrophobic  region  of 
the  enzyme  to  be  important  in  these  binding  processes.  A  decrease 
in  the  effectiveness  of  the  inhibition  by  these  inhibitors  was 
observed  with  a  chainlength  above  seven  carbons.  This  unfavorable 
interaction  may  be  due  to  the  steric  hindrance  created  by  the  long 
alkyl  groups. 

DERIVATIVE  P0LAR0GRAPHY  FOR  AN  ELECTRODE  PROCESS  COUPLED  WITH  A  PRIOR 
CHEMICAL  REACTION.  Veriti  Smith  and  Myung-Hoon  Kim,  Alfriend  Chemical  Lab., 
Dept,  of  Chemical  Sciences,  Old  Dominion  University,  Norfolk,  VA  23508. 

A  theoretical  expression  for  current-time-potential  relationship  in 
derivative  polarography  for  a  reversible  electron  transfer  reaction  coupled 
with  a  prior  chemical  equilibrium  is  derived.  This  is  in  an  effort  to 
develop  a  method  for  characterizing  electrochemical  processes  with  a 
derivative  polarography  which  has  the  highest  resolution  among  voltammetric 
methods.  With  computer-aided  plots,  properties  of  the  derivative  expression 
are  examined  in  terms  of  thermodynamic  and  kinetic  parameters  of  the  system, 
i.  e.,  the  reduction  potential(E°),  the  equilibrium  constant(KeQ)  for  the 
prior  chemical  step,  and  the  forward  and  backward  rate  constantsfkL  and  k^). 

It  has  been  found  that  as  values  of  Keq  decreases,  (a)  the  peak 
potentials(Ep)  shift  to  more  negative  direction,  (b)  magnitudes  of  the  peak 
derivative  current(i')  decrease,  and  (c)  values  of  the  half-peak-width(W-| /p) 
also  diminish.  The  results  are  compared  with  those  for  the  simple  reversible 
electrode  mechanism.  (Supported  by  the  Summer  Faculty  Research  Fellowship 
from  the  Research  Foundation  of  Old  Domonion  University.) 

NOVEL,  HETEROCYCLIC  CHELATING  AGENTS  FROM  2 ,2 ' -DIPYRIDYLKETONE.  R.  L. 

Williams  and  Bill  Stevens,  Dept,  of  Chemical  Sciences,  Old  Dominion  University, 
Norfolk,  VA  23508.  The  histamine  ligand  (1)  has  been  shown  to  exhibit  a 
variety  of  biological  activity  including  Explosive  Motor  Behavior  in  rats. 
Compounds  (2)  and  (3)  were  synthesized  from  the  appropriate  diamines  and  2,2'- 
dipyridylketone  in  an  effort  to  modify  the  present  system  and  determine  the 
importance  of  the  imidazole  ring  to  EMB  activity.  The  synthesis  and  evaluation 
of  these  systems  will  be  discussed. 
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SOME  UNUSUAL  CHEMISTRY  OF  MAYTANSINE.  John  A.  Suchocki  and  Albert  T.  Sneden, 
Department  of  Chemistry,  Virginia  Commonwealth  University,  Richmond,  Virginia 
23284.  As  part  of  a  comprehensive  study  of  the  chemistry  of  the  antileukemic 
ansa  macrolide  maytansine  1,  the  preparation  of  significant  quantities  of  the 
parent  C-3  alcohol,  maytansinol  2,  from  maytansine  was  required.  The  normal 
procedure  for  this  conversion,  LiAlH^  reduction  and  hydrolysis,  gives  only  a  40% 
yield  of  maytansinol.  A  search  for  more  selective  reducing  agents  led  to  the 
investigation  of  LiBH^/LiE^BH  as  a  possible  choice.  However,  this  reagent  did 
not  effect  removal  of  the  C-3  ester,  but  instead  resulted  in  a  product  with  a 
rearranged  carbinolamide .  The  structure  elucidation  of  this  rearrangement 
product,  a  mechanism  for  the  reaction,  and  the  application  of  the  reaction  to 
other  may tansinoids  will  be  discussed. 

1  r  =  coch(ch3)n(ch3)coch3 

2  R  =  H 


Cl  Me  0  OR 


NATURAL  PRODUCTS  FROM  THE  TOADFISH  (OPSANUS  TAU) .  Miki  Taira  and  R.  L. 

Williams,  Dept,  of  Chemical  Sciences,  Old  Dominion  University,  Norfolk,  VA 
23508.  We  have  recently  undertaken  a  study  of  the  toadfish  Opsanus  tau  in  an 
effort  to  identify  any  interesting  and  potentially  active  biological  materials. 
Our  initial  studies  have  confirmed  the  presence  of  3-octonone  as  a  constituent 
of  the  slime  extracts  from  this  fish.  Additionally,  we  have  isolated  a  new 
protein  mixture  from  both  the  opercullar  and  axillary  glands  of  0.  tau.  This 
material,  which  we  have  designated  optausin,  has  an  approximate  molecular  weight 
of  200,000  and  does  exhibit  some  degree  of  biological  activity. 


SYNTHESIS  OF  MODEL  BISTETRAHYDROFURANOID  ACETOGENINS.  Gregory  L.  Tewalt  and 
Albert  T.  Sneden,  Department  of  Chemistry,  Virginia  Commonwealth  University, 
Richmond,  Virginia  23284.  Model  compounds  related  to  rollinicin  T  and 
rollinone  2^  have  been  synthesized  and  will  be  used  to  study  the  reaction 
conditions  required  to  modify  the  biologically  active  acetogenins.  One 
comDound  includes  the  bistetrahydrof uran  moiety  and  adjacent  hydroxyl  groups 
in  the  middle  of  a  30  carbon  chain,  while  the  second  has  the  bistetrahydro- 
furan  moiety  and  adjacent  hydroxyl  groups  at  the  terminus  of  a  20  carbon 
chain.  The  latter  compound  will  be  elaborated  into  a  34  carbon  chain  with  a 
lactone  at  one  terminus.  The  compounds  were  synthesized  from  the  corresponding 
trienes,  prepared  via  a  series  of  Wittig  reactions,  by  epoxidation  and 
subsequent  "zipper"  reactions. 

oh  Ah  ^ 

i  o 


PHOTOISOMERISM  OF  BILIRUBIN  (Z,Z)-IXo<,  John  D.  Van  Norman  and  Robert  H.  Walker? 
Dept,  of  Chem.  Sci.,  Old  Dominion  Univ. ,  Norfolk,  VA  23508.  Naturally  occur¬ 
ring  bilirubin  has  a  Z  configuration  at  both  C-5  and  C-15  double  bonds.  How¬ 
ever  under  conditions  of  photoirradiation,  a  Z - ^  E  conversion  can  occur  at 

either  the  C-5  or  C-15  bond,  or,  both  giving  rise  to  three  photoisomers 
collectively  known  as  photobilirubin.  Photobilirubin  has  been  studied  using 
spectrophotometric ,  voltammetric  and  chromatographic  techniques.  Results  are 
reported  for  two  different  solvent  systems,  a  1:3:1  chlorof orm:methanol :water 
ternary  solution  and  a  pH  10.00  aqueous  buffer  solution.  Results  include 
spectra  of  photobilirubin  as  well  as  voltammetric  potentials.  A  novel  method 
of  extraction  permitted  study  of  isolated  photobilirubin  in  aqueous  solution. 
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CARBENE  REACTIONS  IN  ORGANIC  CAGE  STRUCTURES.  Geo.  S. 
Whitney,  Dept  of  Chemistry,  Washington  &  Lee  Uni v. , 
Lexington,  VA  24450 

Carbenes  have  been  generated  for  many  years  since 
Ramberg  and  Back 1 und  by  treating  treating  tol uene 
sul f onyl hydrazones  with  sodium  or  with  base,  and 
heating.  Some  of  these  reactions  gave  alkenes,  some 
rearranged  products,  but  some,  like  the  tosy 1 hydr az one 
of  camphor,  gave  insertion  products  under  the  right 
conditions.  CR.  Shapiro,  Orq.  Rxns.  Vol  231 
The  fascination  of  this  internal  insertion  reaction 
which  in  camphor's  case  led  often  to  tricyclene  caused 
us  to  wonder  whether  other  tightly  caged  ketones  would 
follow  suit.  What  would  happen  with  differing  bases? 
Would  there  be  rearr angements?  What  would  happen  if  we 
decomposed  the  di -tosy 1 hydr az one  of  the  cage  di ketone 
pentacyclo[6.2.  1.03*^.0=,*1°.  O'*  •  lundeca-3 , 6-dione. 

Since  this  tightly  bound  cage  has  only  10  hydrogens  for 
its  11  carbons,  insertions  seem  impossible,  as  do 
multiple  bondings. 


SURFACE  CHEMISTRY  ASPECTS  OF  TONER  FIXING.  J.  P.  W.iqhtman  and  S.  Fukui,  Chem. 
Dept.,  Virginia  Tech,  Blacksburg,  VA  24061.  Hot-roll  toner  fixing  is  a  widely 
used  technique  to  adhere  loosely  attached  toner  particles  to  a  paper  surface 
to  obtain  a  final  hard  copy  in  el ectrophotography.  The  factors  affecting  this 
adhesion  process  involve  paper  and  toner  properties  and  machine  conditions. 
Non-uniform  toner  fixing  states  in  morphology  were  observed  by  SEM  and  a  close 
relationship  with  fuse  quality  was  found.  Toner  particles  weakly  adhering  to 
a  paper  surface,  in  a  tape  peeling  experiment,  were  identified  as  unmelted  or 
only  marginally  melted  ones.  A  method  to  obtain  the  critical  surface  tension 
distribution  of  toner  particles  was  developed.  A  broad  range  (23-38  mN/m)  of 
toner  critical  surface  tension,  determined  by  a  sink-float  method,  was  the 
result  of  differences  in  surface  chemical  composition  as  measured  by  ESCA. 
Paper  roughness  was  measured  by  a  traversing  stylus  and  the  effect  of  paper 
roughness  was  explained  by  a  model  based  on  the  size  of  the  paper  roughness 
and  toner  particles.  The  ESCA  results  suggest  that  adhesion  is  due  to  the 
polar-polar  interaction  between  the  toner  and  paper  surfaces.  [Work  supported 
by  Oji  Paper  Co.] 


Education 


ESTABLISHMENT  OF  A  MARINE  SCIENCE  PROGRAM  AT  THE  SECONDARY  LEVEL  WITH 
AN  EMPHASIS  ON  FIELD  WORK.  Robert  B.  Atkinson,  Dept,  of  Science, 
Christchurch  School,  Christchurch,  VA  23031.  Christchurch  School  is 
an  independent  prep  school  on  the  lower  Rappahannock  River’ of  Virginia's 
Coastal  Plain.  The  marine  science  program  began  with  a  three  year 
grant  in  the  summer  of  1986.  An  extensive  supply  of  marine  science 
teaching  aids  was  acquired  from  the  Advisory  Services  Department  and 
the  library  at  the  Virginia  Institute  of  Marine  Science  (VIMS) . 
Cooperative  research  agreements  were  formed  with  the  Physical  Oceanog¬ 
raphy  Department  at  VIMS,  involving  water  chemistry  monitoring  of  Bay 
waters  using  the  same  instruments  used  by  their  researchers.  Similar 
arrangements  have  been  made  with  two  other  departments  at  VIMS.  Students 
feel  they  are  a  part  of  the  Save  the  Bay  effort  and  have  renewed 
enthusiasm  for  science.  This  enthusiasm  allows  the  teacher  to  cover 
topics  in  more  detail.  Coursework  includes  many  disciplines  involved 
in  environmental  science  such  as:  biology,  chemistry,  geology,  physics, 
and  resource  management  as  related  to  the  Chesapeake  Bay.  Summer  courses 
will  be  offered  starting  in  1987. 
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IMPROVING  SCIENCE  TEACHING  IN  ELEMENTARY  AND  MIDDLE  SCHOOLS.  James  D.  Beck, 
Dept,  of  Chemistry  and  William  C.  Brewington ,  Dept,  of  Life  Sciences,  Virginia 
State  University,  Petersburg,  VA  23803.  Thirty-four  elementary  and  middle 
school  teachers  from  six  school  districts  in  Southside  Virginia  participated 
in  a  workshop  on  improving  science  instruction.  The  workshop  was  held  at 
Virginia  State  University  for  four  weeks  during  the  summer  of  1986.  The 
program  included  activities  designed  to  improve  knowledge  in  content  areas  and 
to  develop  teaching  skills.  An  important  component  involved  the  application 
of  computers  in  the  teaching  of  science.  Teachers  participated  in  many 
"hands-on"  activities  such  as  demonstrations,  laboratory  experiments,  and 
computer  use.  Results  indicate  significant  improvement  in  knowledge  of 
scientific  concepts  and  of  teaching  methods  as  well  as  the  development  of  more 
positive  attitudes  toward  science  and  science  teaching,  and  toward  the  use  of 
computers  as  an  educational  tool .  The  workshop  was  funded  by  the  State 
Council  for  Higher  Education  under  Title  II  of  the  Education  for  Economic 
Security  Act. 


S-STS  APPROACH  TO  GENERAL  BIOLOGY  INSTRUCTION.  Arthur  W.  Bowman,  and  James  E. 
Forbes,  Dept,  of  Biol.,  Hampton  Univ. ,  Hampton,  VA  23668.  Hampton  Univ.  is 
one  of  nine  colleges  and  universities  selected  to  participate  in  the  develop¬ 
ment  of  a  model  Middle  School  Science  Education  Program  funded  by  the  National 
Science  Foundation.  The  overall  approach  for  all  science  courses  taught  in 
the  program  is  the  Science  through  Science-Technology-Society  (S-STS)  inter¬ 
disciplinary  approach.  The  current  general  biology  course  for  science  majors 
is  being  revised  so  that  the  subject  matter  will  be  looked  at  in  a  thematic 
and  concept  manner  which  will  allow  societal  and  technological  topics  to  serve 
as  a  focus  for  the  presentation  of  biological  facts.  Special  laboratory  sec¬ 
tions  are  being  created  so  that  the  laboratory  experience  will  support  the 
classroom  activities.  At  all  times,  effort  will  be  made  to  show  the  interre¬ 
latedness  of  all  academic  disciplines,  and  how  such  an  approach  is  required  in 
order  to  intelligently  deal  with  our  society  and  the  ever  changing  technologi¬ 
cally  oriented  world.  In  addition  to  the  conveyance  of  biological  knowledge, 
the  S-STS  approach  should  allow  students  to  become  more  aware  of  significant 
societal  issues  and  to  be  able  to  offer  input  toward  the  solving  of  societal 
problems.  An  overview  of  selected  instructional  modules  will  be  presented. 


A  DEMONSTRATION  OF  ENZYME  KINETICS.  Morris  E.  Brown  and  H.  Alan 
Rowe,  Department  of  Chemistry,  Norfolk  State  University,  Norfolk, 
VA  23504 

"Enzyme  Kinetics"  is  a  subject  often  omitted  from  many  high 
school  and  basic  undergraduate  science  laboratories  due  to  the 
complexity  of  demonstrating  the  subject.  This  experiment  provides 
a  fundamental  understanding  of  the  kinetics  of  the  enzyme  papain 
with  azocoll  as  its  substrate.  Papain,  found  in  enzymatic  contact 
lens  cleaner,  is  a  sulfhydryl  protease  which  is  isolated  from  the 
papaya.  Azocoll  is  insoluble,  powdered  cowhide  to  which  a  red  dye 
has  been  covalently  attached.  When  the  peptide  linkages  of  the 
collagen  are  hydrolyzed,  the  azo-dye  is  released  into  solution. 

The  rate  at  which  the  dye  is  released  is  measured  spectrophoto- 
-metrically.  This  reaction  was  found  to  follow  simple  Michaelis- 
Menten  enzyme  kinetics.  Using  a  constant  enzyme  concentration  and 
five  different  substrate  concentrations  a  Lineweaver-Burk  plot  was 
constructed.  From  this  graph  the  Km  and  Vmax  for  this  reaction 
were  easily  determined.  The  experiment  outlined  can  be  conducted 
using  available  materials  and  a  minimum  of  equipment. 
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THE  JAMES  RIVER  EXPERIENCE:  A  "GET-WET"  GOVERNOR’S  SCHOOL  PROGRAM  FOR 
TEACHERS  AND  STUDENTS.  Vicki  P.  Clark,  Program  Specialist,  Mathematics  and 
Science  Center,  Richmond,  VA,  23223.  During  July  1986,  Richmond  area  science 
teachers  and  middle  school  students  explored  the  James  River  from  its  head¬ 
waters  in  the  mountains  to  the  salt  marshes  of  its  mouth  at  the  Chesapeake  Bay. 
The  program  design  emphasized  direct  experience  through  field  study;  students 
and  teachers  worked  as  co-learners.  Students  were  part  of  the  decision-making 
process  and  the  two-week  program  evolved  as  the  students  assisted  in  the  daily 
planning  of  activities.  Areas  of  study  included  water  quality,  biological 
communities,  history  and  sociology  of  the  river  and  its  people,  and  environ¬ 
mental  issues.  Community  resource  people  were  part  of  most  field  activities. 
Outcomes  were  an  increase  in  knowledge  of  and  concern  for  the  James  by  teachers 
and  students;  increased  teacher  knowledge  of  community  resources  and  field 
techniques;  and  an  increase  in  positive  attitude  of  teachers  and  students 
toward  each  other  and  toward  the  "co-learner"  design. 

THE  EVOLUTION  OF  A  PROGRAB  OF  INDEPENDENT  STUDENT  RESEARCH.  Julia  H. 
Cothron,  Director  of  Secondary  Education,  Hanover  County  Public  Schools, 
Ashland,  VA.  Factors  essential  to  the  establishment  of  a  program  of 
independent  student  research  were  identified.  Critical  teacher 
characteristics  were  commitment  to  development  of  student  potential;  command 
of  subject  matter,  teaching  strategies,  and  students;  and  congruence  of 
personality  with  student-oriented,  inquiry  teaching.  Support  of  teachers 
through  instructional  materials,  inservice,  modeling,  and  on-going  support 
was  emphasized.  Importance  of  involving  maximum  number  of  teachers, 
realistic  class  assignments,  and  networking  were  discussed.  Movement  from 
an  "add-on"  activity  to  an  integral  part  of  the  curriculum  was  viewed  as 
important,  as  well  as,  recognition  and  minimization  of  limitations  imposed 
on  students  by  home  and  financial  situations.  Critical  to  success  were 
recognition  of  all  parties  involved,  demonstration  of  support  by 
administrators,  and  emphasis  upon  development  of  individual  abilities,  not 
external  awards. 

OUTCOMES  ASSESSMENT  IN  PHYSICS:  THE  MANDATE,  THE  PROBLEMS,  AND  THE 
PROCESS.  T .  Dary  Erwin*.  Office  of  Student  Assessment,  and 
Gerald  R.  Taylor,  Jr.,  Dept,  of  Physics,  James  Madison  University, 
Harrisonburg,  VA  22807.  Recent  state  mandates  require  assessment 
of  students'  learning  in  physics,  as  well  as  other  disciplines  in 
Virginia  colleges  and  universities.  The  steps  in  this  assessment 
process  include:  1)  establishing  departmental  objectives,  2) 
deciding  to  use  a  national  examination  or  designing  a  local 
examination,  3)  developing  follow-up  surveys  of  graduates,  4) 
analyzing  the  assessment  and  survey  results,  5)  and  utilizing  the 
information  for  program  improvement.  This  process,  which  occurred 
in  assessing  the  physics  major  program,  will  be  reviewed. 

MIDDLE  SCHOOL  PHYSICAL  SCIENCE  THROUGH  STS.  K.  M.  Ewur*,  Dept,  of  Mathematics, 
D.  A.  Whitney,  Dept,  of  Physics,  and  C.  M.  Bump,  Dept,  of  Chemistry,  Hampton 
Univ. ,  Hampton,  VA  23668.  Hampton  University  is  one  of  nine  colleges  and 
universitities  selected  to  participate  in  the  Model  Program  for  the  Preparation 
of  Middle  School  Science  Teachers  funded  by  the  National  Science  Foundation. 

Our  program  is  an  interdisciplinary  approach  to  science  courses  utilizing  the 
relationship  between  science,  technology,  and  society  (STS).  The  first  science 
course  in  the  sequence  for  prospective  middle  school  science  teachers  is  the 
course  in  physical  science  being  developed  by  the  authors.  The  STS  approach 
will  be  used  to  open  the  students'  minds  to  the  need  for  a  foundation  based  upon 
data  and  proven  principles  and  the  need  for  the  scientific  method  in  order  to 
tackle  societal  and  technological  problems  intelligently.  This  approach  will  be 
used  to  improve  student  attitudes  toward  learning  and  teaching  physical  concepts 
and  toward  analyzing  problems.  Some  of  the  content  in  the  traditional  physical 
science  course  will  be  postponed  to  be  included  in  the  environmental  science 
courses  that  are  required  in  the  program.  A  discussion  of  a  few  selected 
modules  developed  for  the  physical  science  course  will  be  presented.  This  work 
is  supported  by  the  National  Science  Foundaton. 
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SCIENCE  PROCESS  SKILLS:  AN  INSERVICE  MODEL.  Hilda  C.  Kelly,  Director  of 
Elementary  Education,  Hanover  County  Public  Schools,  Ashland,  VA  23005. 

The  project  provides  training  for  teachers  in  grades  three,  five,  and  six 
in  the  characteristics  of  an  effective  science  program  and  the  "process  approach" 
to  teaching  elementary  science.  The  infusion  of  the  Standards  of  Learning 
Objectives  for  science  and  the  "process  approach"  into  the  elementary  science 
curriculum  remain  top  priority  items  for  both  the  project  and  the  school 
division.  The  procedures  used  in  achieving  these  goals  is  the  development 
of  a  five  day  inservice  program  for  teacher  training.  The  project  has  the 
potential  to  influence  all  teachers  and  students  in  Virginia  by  developing 
an  inservice  model. 

Process  skills  of  science  such  as  observing,  classifying,  communicating, 
hypothesizing,  etc.,  help  students  to  become  logical  and  analytical  thinkers. 
Research  indicates  that  the  study  of  science  through  activity-oriented 
methods  will  develop  and  extend  language  and  reading  competencies.  Ultimately, 
the  student's  ability  to  use  these  skills  in  science,  reading,  mathematics, 
and  problem  solving  will  improve. 


Engineering 

DYNAMIC  VENTILATORY  RESPONSE  MEASURED  BY  RESPIRATORY  INDUCTIVE 
PLETHYSMOGRAPHY.  Larry  A.  Belghtol*  &  E.  C.  Greco*,  Dept,  of  Biomed.  Eng.,  Va. 
Commonwealth  Univ. ,  Richmond,  Va.  23298.  The  ventilatory  system  is  capable  of 
maintaining  homeostasis  in  the  arterial  pH  and  blood  gas  partial  pressures  in 
the  presence  of  over  a  ten  fold  increase  in  metabolic  demand  above  resting 
conditions.  In  order  to  evaluate  the  ventilatory  controller  in  normal  awake 
human  volunteers  a  dynamic  exercise  stimulus  has  been  devised  to  adequately 
excite  all  of  the  modes  of  the  system  while  minimizing  voluntary 
contributions . 

A  filtered  pseudo  random  binary  sequence  (fPRBS)  determines  the  workload 
as  the  subject  pedals  a  bicycle  ergometer.  This  non- antic ipatory ,  non-abrupt 
signal  minimizes  voluntary  contributions  while  exciting  the  broadband 
ventilatory  response.  Respiratory  inductive  plethysmography  (RIP),  an 
unobtrusive  method  of  recording  breath  volumes,  is  employed  to  reduce  breath 
variability  that  accompanies  conventional  spirometry  techniques. 

The  transient  respiratory  response  variables  are  cross  correlated  with  the 
PRBS  input  and  the  estimated  impulse  responses  for  the  system  are  obtained  for 
evaluation  of  the  various  respiratory  control  hypotheses. 


ULTRA-HIGH  FREQUENCY  BONE  CONDUCTION  BRAINSTEM  AUDITORY  EVOKED 
POTENTIALS  IN  HUMANS.  Robert  M.  Bowie*,  M.  L.  Lenhardt*,  A.  M. 
Clarke,  Biomed.  Engineering  Div. ,  Va.  Commonwealth  Univ., 
Richmond,  VA  23298-0001.  The  new  availability  of  high  frequency 
bone  conduction  testing  techniques  for  the  determination  of  audi¬ 
tory  function  precipitated  a  need  to  understand  the  mechanism  of 
perception  of  high  frequency  vibratory  stimulation  in  the  area  of 
the  temporal  bone.  Three  subjects  under  30  were  stimulated  with 
a  bone  vibration  device  at  4 ,  8,  and  40  kHz.  The  evoked  response 
due  to  the  stimulus  was  averaged  1000  times  and  plotted.  Compar¬ 
ison  of  the  evoked  response  morphology  to  lower  frequency 
responses  indicates  a  different  mechanism  of  neural  response.  As 
the  vestibular  system  lies  close  to  these  generator  sites,  a 
combined  vestibulocochlear  response  may  be  indicated. 
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MECHANICAL  PROPERTIES  OF  THE  CANINE  MENISCUS.  W.  Anne  Burdette*, 

Dr.  William  Krause*,  Biomed.  Engineering  Div. ,  Va.  Commonwealth 
Univ. ,  Richmond,  VA  23298-0001.  Until  just  a  few  years  ago  the 
accepted  means  of  treatment  for  a  damaged  menisci  was  partial  or 
total  menisectomy.  Follow  up  studies  on  patients  who  received 
menisectomies ,  however,  showed  that  degenerative  changes  in  the 
knee  joint  were  common.  Further  investigations  have  confirmed 
that  the  meniscus  contributes  to  weight  bearing,  lubrication  and 
stress  distribution  in  the  knee  joint.  Due  to  the  established 
importance  of  the  meniscus  in  knee  joint  mechanics,  torn  menisci 
are  now  repaired  whenever  possible.  However,  little  is  known 
about  the  mechanical  properties  of  the  repaired  meniscus.  The 
study  underway  intends  to  yeild  a  description  of  the  mechanical 
properties  of  the  repaired  canine  meniscus.  This  investigation 
will  be  the  first  to  provide  a  mechanical  and  histological 
analysis  of  arthroscopically  torn  and  repaired  canine  menisci. 

MEASUREMENT  OF  PORE  PRESSURES  AT  CRANEY  ISLAND  DISPOSAL  AREA.  Robert  Y.K. 
Cheng ,  Department  of  Civil  Eng.,  Old  Dominion  University,  Norfolk,  VA  23508 
The  objective  of  the  investigation  is  to  determine  the  pore  pressure 
profile  up  to  a  depth  of  20  feet  at  the  central  containment  area  of  the 
Craney  Island  Disposal  Area,  Portsmouth,  Virginia.  Knowledge  of  the  pore 
pressure  profile  would  be  useful  in  developing  methods  for  dewatering  the 
dredge  materials  that  were  deposited  at  frequent  intervals  for  a  period  of 
30  years.  A  large  area  of  the  site  consists  of  a  few  inches  of  desiccated 
and  crusted  marine  clay  overlying  a  thick  layer  of  very  soft  highly 
sensitive  clay  marine  clay.  Insertion  of  any  pore  pressure  measuring 
device  into  the  clay  would  generate  substantial  excess  pore  pressure.  It 
would  take  20  to  40  days  for  the  excess  pore  pressure  to  dissipate  in  an 
open-system  piezometer.  A  portable  light  weight  piezometric  system  with 
a  probe  similar  to  the  Wissa  type  was  constructed  and  a  pore  pressure 
measurement  was  completed  in  one  day.  This  presentation  discussed  the 
technique  for  saturating  the  probe,  instrumentation  and  operation  of  the 
system. 


TOWARDS  A  METHODOLOGY  TO  FACILITATE  MAINTAINABILITY  IN  LARGE  RULE 
BASED  SYSTEMS,  Marshall  Deppe* ,  MS  Candidate,  GMU,  Fairfax,  VA. 
Rule-based  systems  typically  continue  to  evolve  after  their  del¬ 
ivery,  requiring  perfective  maintenance  by  persons  other  than 
developers.  The  need,  therefore,  is  for  a  methodology  to  facili¬ 
tate  such  maintenance.  One  class  of  methodologies  attempt  do  do 
this  by  partitioning  the  rule  base.  Their  foci,  however,  are 
markedly  different.  That  developed  by  Jacob  &  Frosher  at  NRL 
focuses  on  minimization  of  coupling.  Another  focuses  upon  maxi¬ 
mization  of  cohesion.  Yet  another  attempts  an  amalgam  of  the  two. 
Determination  of  which  is  best  depends  upon  quantification  of 
their  corresponding  attributes.  This  can  be  done  by  giving  a 
partition  a  graphical  interpretation.  Graph  theoretic  concepts 
such  as  in-degree,  out-degree,  arc  weight,  and  transitive  closure 
may  then  be  used  to  measure  degree  of  coupling,  extent  of  coup¬ 
ling,  and  module  independence.  A  project  underway  at  GMU  has  as 
its  thrust  the  implementation  of  these  methodologies  and  their 
evaluation  as  graph  structures.  Findings  from  this  project 
will,  hopefully,  be  published  as  early  at  August,  1987. 
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THE  DESIGN  OF  A  MICROPROCESSOR-BASED  INTEGRATED  INSTRUMENTATION  SYSTEM  FOR 
OPTOMIZING  THE  PERFORMANCE  OF  A  SAILBOAT.  David  Doughty*,  Ray  Wildeson*  and 
George  R.  Webb,  Dept,  of  Physics,  Christopher  Newport  Col.,  Newport  News, 

VA  23606.  Sailing  craft  for  both  commercial  and  recreational  uses  profit  from 
maximizing  their  speed  over  a  given  course.  Master  mariners  and  skippers  of 
America's  Cup  boats  alike  have  always  sought  means  for  sensing  the  wind  strength 
and  making  informed  choices  for  the  best  paths  along  the  trade  routes  and  the 
fastest  way  around  the  buoys.  Modem  sailing  vessels  are  equipped  with  instru¬ 
ments,  both  analog  and  digital,  for  sensing  wind  velocity  and  the  ship  velocity. 
We  have  developed  a  system  that  will  integrate  the  outputs  from  a  fluxgate 
digital  compass,  a  ship's  speed  indicator  and  an  apparent  wind  speed  indicator 
(both  usually  digital),  and  a  synchro-based  wind  direction  indicator.  This 
combined  hardware-software  system  computes  the  true  wind  speed  (with  respect  to 
an  observer  fixed  on  the  land)  and  true  wind  angle  in  the  ship's  neighborhood. 
This  information  can  be  combined  with  a  velocity  prediction  program  for  the 
ship  to  give  an  evaluation  of  performance  and  suggest  strategies  for  minimizing 
the  travel  time  between  any  two  locations. 


A  METHODOLOGY  FOR  REGIONAL  INFRASTRUCTURE  PLANNING.  Donald  R.  Drew,  Dept,  of 
Civil  Engineering,  Va.  Polytechnic  Inst.,  Blacksburg,  Va.  24061.  A  new  ap¬ 
proach  to  infrastructure  planning  is  proposed  which  is  based  on  isolating  the 
underlying  causes  of  disruption  in  a  region  in  a  systematic  way,  identifying 
policies  to  deal  with  the  causes,  and  then  assessing  the  impacts  of  alterna¬ 
tive  policies  against  specified  goals.  Values  are  those  irreducible  qualities 
upon  which  individual  and  "group"  preference  are  based  with  the  "groups"  being 
the  "users"  of  infrastructure,  the  "providers"  of  infrastructure,  and  society. 
"Goals"  are  desirable  end  states  toward  which  planning  might  be  expected  to 
lead.  "Policy"  is  a  formal  statement  of  the  framework  of  freedoms  and  con¬ 
straints  within  which  planners  must  operate  to  achieve  the  goals.  In  all, 
there  are  three  ways  in  which  causality  from  a  policy  variable  acts  on  a  goal 
variable:  (1)  the  sign  of  the  interaction  (positive  or  negative);  (2)  the 

strength  of  the  interaction  (strong  or  weak);  and  (3)  the  time  lag  of  the 
influence.  Because  policy  variables  may  act  indirectly  on  several  different 
goals  through  causal  sequences  of  intermediate  variables,  cross  impact  analy¬ 
sis  is  best  accomplished  using  a  digital  computer. 


HUMAN  SKULL  VIBRATORY  PATTERNS  IN  AUDIOMETRIC  AND  SUPERSONIC 
RANGES.  Susan  A.  Dunlap* ,  A.  M.  Clarke  and  M.  L.  Lenhardt*,  Dept, 
of  Biomed.  Eng.,  Va.  Commonwealth  Univ. ,  Richmond,  VA  23298-0001. 
Using  an  electromagnet  for  low  frequency  response  (250  -  4000  Hz) 
and  a  piezoelectric  driver  for  high  frequency  response  (4 
64kHz),  the  vibratory  pattern  of  a  human  skull  was  explored.  The 
skull  was  mounted  on  a  vibration  isolated  surface  and  driven  with 
stimuli  ranging  from  250  Hz  to  64  kHz.  The  bone  conduction  driver 
was  rigidly  affixed  to  the  skull  with  the  accelerometer  rigidly 
affixed  to  the  contralateral  side.  Skull  vibratory  patterns  dif¬ 
fered  among  low,  high  and  supersonic  frequencies.  For  frequencies 
above  16  kHz  the  signal  at  the  contralateral  temporal  bone  is 
markedly  attenuated.  For  frequencies  under  500  Hz,  a  resonance 
phenomena  results  in  increased  amplitude  of  the  response  at  the 
contralateral  side.  The  human  skull  is  a  complex  vibratory 
structure  which  has  significant  implications  for  conventional  and 
supersonic  hearing  testing. 
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GRASP  CONTROL  FOR  ROBOT  HANDS . Aydan  M.  Erkmen,Dept . of  Information  Tech., George 
Hason  Univ Fairfax, Va . 22030 .  In  industrial  computer-based  automation, most  auto¬ 
mated  manufacturing  tasks  are  carried  out  by  robots, which  are  reprogrammable 
multifunctional  manipulators  designed  to  interact  with  their  surroundings  accor¬ 
ding  to  snecified  tasks.  The  robot  gripner  or  end-effector  becomes  a  bridge  bet¬ 
ween  the  computer  controlled  arm  and  its  environment.  For  fine  automated  manipu¬ 
lation,  the  inadequacy  of  grippers  leads  to  the  design  and  control  of  multifin¬ 
gered  dextrous  robotic  hands , triggering  issues  of  multiple  numbers  of  degrees  of 
freedom, integration  of  different  sensory  information  and  versatile  task  specifi¬ 
cations.  In  this  paper,  modeled  on  human  prehension  which  combines  the  choice  of 
grip, the  act  of  grasping  and  the  control  of  object  handled,  a  global  description 
of  the  shaping  of  the  robotic  hand  for  a  given  task  and  obj ect , called  grasp,  is 
derived.  And,  grasp  configurations  are  classified  in  a  hierarchical  structure 
(  a  grasp  taxonomy  )  according  to  the  incomplete  perception  of  the  object  to  be 
handled  and  the  specified  task. 


DYNAMIC  SHEAR  MODULI  AND  FABRIC  OF  GRANULAR  MATERIALS.  Isao  Ishibashi ,  Dept, 
of  Civil  Engr.,  Old  Dominion  University,  Norfolk,  VA  23508.  It  has  been  recog¬ 
nized  that  the  fabric  (anisotropy)  of  granular  materials  plays  important  role 
in  determining  their  stress-strain  and  volumetric  behavior.  However,  it  has 
been  a  difficult  task  to  quantify  it.  The  dynamic  shear  modulus  was  measured 
and  used  to  identify  the  stage  of  the  fabric.  The  changes  of  the  modulus  were 
correlated  to  the  different  stress  path,  stress  reversals  and  the  different 
direction  of  the  principal  stress  application.  For  the  test  with  glass  spheres, 
it  was  observed  that  the  depositional  fabric  has  a  slight  influence  in  the 
stress-strain  response  and  in  the  dynamic  shear  modulus  measurement.  When 
the  fabric  is  induced  in  a  certain  direction  by  preshearing,  the  influence 
of  the  induced  anisotropy  was  clearly  apparent  as  differences  in  the  stress- 
strain  response,  dynamic  shear  modulus,  and  volume  change  along  the  different 
stress  paths.  During  a  complete  cycle  of  loading,  unloading,  and  reverse 
loading,  the  fabric  changed  more  slowly  than  the  stress  and  more  rapidly  than 
the  strain.  During  the  principal  stress  axis  rotation  under  a  constant  mean 
principal  stress  and  a  maximum  shear  stress,  the  shear  modulus  decreased  at 
high  shear  stress  level  and  the  intermediate  principal  stress  was  more  important 
than  the  initial  fabric  in  controlling  the  volume  change  during  stress  rotation. 

A  NEW  APPROACH  FOR  EARLY  STAGE  IMAGE  UNDERSTANDING. 
Dong-Seok  Jeong,  Dept,  of  Electrical  Engineering,  Virginia  Tech,  Blacksburg, 

Va.  24060.  In  the  quest  for  computer  vision,  that  is  the  automatic  understanding 
of  images,  the  early  stages  often  have  been  to  be  difficult  if  the  images  are  com¬ 
plicated.  A  powerful  strategy  has  been  to  model  the  image,  or  portions  thereof, 
parametrically.  Two  prominent  kinds  of  approaches  have  been  those  based  on 
polynomial  models  and  those  based  on  random-field  models.  The  approach  in 
this  paper  combines  these  two  methodologies,  deciding  on  the  proper  model  by 
means  of  a  general  decision  criterion.  This  unified  approach  also  admits  com¬ 
posite  polynomial/random-field  models  and  is  applicable  to  other  statistical 
models  as  well.  Experiments  with  synthesized  images  illustrate  some  identifica¬ 
tion  and  segmentation  uses  of  the  unified  approach.  A  natural  result  of  the  im¬ 
plemented  segmentation  algorithm  is,  in  addition  to  a  pixel-labeled  image,  a  list 
of  regions,  suitable  as  input  for  higher-level  stages  of  image  understanding. 
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VISUALIZING  MAGNETIC  FIELDS,  Howard  R.  Johnson,  The  Permanent  Magnet  Research 
Institute.  In  the  1982  Academy  Meeting,  we  gave  a  paper  on  HOW  TO  MAGNETIZE  92 
ALTERNATE  POLES  WITH  A  SINGLE  PULSE  OF  D.C.  Continuing  this  two  particle 
approach,  we  have  been  able  to  map  various  magnet  conf igerations  showing  the 
formations  of  double  vortices.  These  vortices  are  spinning  in  opposite 
directions.  We,  also,  record  the  percentage  of  each  population.  We  use  three 
mutually-perpendicular  indium  arsenide  semiconductors.  The  Hall  Effect  voltages 
are  amplified,  digitized  and  recorded  by  an  IBM  PC.  To  map  an  area  4  in.  sq. 
requires  some  40  x  40  or  1600  readings  for  each  of  the  XYZ  components.  Two  of 
the  field  components  are  plotted  as  spatial  coordinates,  with  the  third 
component  conferring  color  to  the  tip  of  the  field  vector.  The  individual 
points  are  displayed  in  sequence  as  colored  dots  or  the  dots  can  be  connected 
to  trace  out  patterns  of  lines. 


NUMERICAL  SIMULATIONS  OF  ICING  PROCESSES  ON  CIRCULAR  CYLINDERS  AT 
ANGLES  OF  ATTACK,  Robert  D.  Kirchner,  Inst,  for  Hypersonic  Studies, 
3911  Cooper  St.,  Huntsville,  AL  35801.  Efforts  were  made  to 
simulate  the  extent  of  icing  on  a  long  circular  cylinder  at  angles 
of  inclination  and  to  determine  the  resulting  increase  in  weight 
and  tension.  The  icing  simulations  were  accomplished  with  an 
existing  ice  accretion  model  that  can  simulate  icing  processes  on 
cylinders  in  equilibrium  at  Pode ' s  angle  of  inclination.  The  angle 
of  inclination  was  obtained  from  the  weight  of  the  accumulating 
ice,  and  the  tension  was  determined  with  an  integral  axisymmetric 
control  volume  approach.  Conservation  of  mass  and  linear  momentum 
were  assumed,  and  the  shear  stress  relation  and  velocity  profile 
were  approximated  for  high  Reynolds  number  turbulent  flow  along  a 
cylinder.  Icing  simulations  were  made  for  a  cylinder  6069  m  long 
and  0.004  m  in  diameter  at  altitudes  of  5182  m  and  8230  m.  The 
free  stream  velocity  was  set  at  90  m/sec  and  unit  Reynolds  numbers 
ranged  from  9xl0b  to  9x10 7  per  meter.  Results  of  the  effort  wil 
now  be  correlated  with  experimental  data  to  verify  the  accuracy  of 
the  simulations. 


TASK  LEVEL  COORDINATION  OF  TWO  COOPERATING  ROBOTS.  Vasilios  G.  Kountouris,  Sch. 
of  Information  Technology  and  Engineering,  George  Mason  Univ.,  Fairfax,  Va. 
22030.  A  versatile  robot  behavior  comparable  to  that  of  a  human  is  currently 
one  of  the  most  challenging  tasks  of  the  robotics  research  community.  However, 
research  results  indicate  that  increased  versatility  in  robot  behavior  implies 
increased  complexity  in  designing  the  robot  system.  Although  many  tasks  can  be 
performed  satisfactorily  by  a  single  robot,  there  are  cases  where  it  is  either 
necessary,  or  more  economical  to  use  a  multi-robot  system.  The  complexity  of 
the  design  of  a  single-robot  system  is  inherited  by  a  multi-robot  system,  as 
well.  In  addition,  this  complexity  increases  because  of  the  need  for 
coordinating  the  various  robots.  An  automobile  water  pump  assembly  task  is 
analyzed  using  three  different  operators:  a  human,  a  single  robot,  and  a  two- 
robot  system.  A  classification  of  tasks  for  a  two-robot  system  is  proposed  in 
order  to  reduce  the  complexity  involved  and  to  allow  for  the  application  of 
software  engineering  principles  in  robot  programming  systems. 


LATTICE  THEORY  AND  THE  DISCRETE  FOURIER  TRANSFORM.  David  L.  Livingston,  Dept, 
of  Elec,  and  Comp.  Engr.,  Old  Dominion  University,  Norfolk,  Va.  23508.  The 
discrete  Fourier  transform  has  been  extensively  used  in  signal  processing 
applications.  Lattice  theoretic  techniques  have  been  used  to  provide 
information  about  the  underlying  structure  of  algebraic  systems.  We  demonstrate 
the  use  of  lattice  theory  in  deriving  the  discrete  Fourier  transform  from  a 
strictly  discrete  algebraic  basis.  We  also  show  that  decompositions  of  the 
discrete  Fourier  transform  can  be  obtained  using  lattice  theoretic  methods 
resulting  in  fast  Fourier  transform  algorithms  such  as  the  Cooley-Tukey  and 
Good-Thomas  algorithms.  A  method  is  suggested  for  finding  a  general  fast 
Fourier  transform  algorithm  for  a  discrete  Fourier  transform  of  highly  composite 
order . 
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STRUCTURAL  DYNAMICS  WITH  SUBSTRUCTURES:  A  COMPARISON  STUDY. 

Due .  T.  Nguyen* ,  Assistant  Prof.,  Dept,  of  Civil  Engrg.,  Old 
Dominion  Univ.,  Scott  B.  Clark*,  Grad.  Studt.,  Dept,  of  Civil 
Engrg.,  ODU,  Norfolk,  VA  23508.  In  this  work,  the  Wilson, 
Newmark  and  Mode  Superposition  methods  are  first  re-examined. 

A  simple  substructure  scheme  is  then  incorporated  into  the 
Wilson  and  Newmark  algorithms.  Numerical  results  indicate  that 
the  new  formulation  gives  "exact"  solutions  and  it  can  offer 
substantial  computational  advantages.  Potential  for  implementing 
this  new  formulation  on  modern  computers  with  parallel  processing 
capability  is  also  discussed. 

A  PARALLEL  SIMPLEX  ALGORITHM  FOR  LINEAR  PROGRAMMING. 

Due.  T.  Nguyen* ,  Assistant  Prof.,  Civil  Engrg.,  Old  Dominion 
Univ.,  Kian  T.  Niu*,  Grad.  Student,  Dept,  of  Civil  Engrg.,  ODU, 
Norfolk,  VA  23508.  Simplex  algorithm  has  long  been  a  powerful 
and  popular  technique  to  solve  a  linear  programming  problem.  In 
this  work,  the  simplex  algorithm  is  re-examined  in  order  to 
propose  a  programming  scheme  in  which  it  can  be  implemented 
either  in  a  sequential  or  parallel  environment.  A  simple  example 
is  used  to  validate  the  proposed  parallel  scheme  on  the  FLEX/32 
Multicomputer.  Speed  up  factors  using  a  single  processor  versus 
multi-processors  are  compared  and  some  conclusions  can  be  drawn 
from  this  preliminary  results. 


NONLINEAR  DYNAMICS  AND  CONTROL  FOR  THERMAL  ROOM  MODELS,  Milind  Oak*,  and  A.  Sidney 
Roberts,  Jr.  ,  Dept,  of  Mechanical  Engr.  and  Mechanics,  Old  Dominion  Univ.,  Norfolk, 
VA  23508.  Building  operation  for  reduced  energy  costs  often  requires  internal 
temperatures  to  vary  over  a  wide  range.  Hence  it  is  imperative  to  have  better  methods 
for  closed  loop  analysis  during  system  design.  In  order  to  provide  for  improved 
analysis  of  control  systems  before  they  are  installed,  it  is  necessary  to  develop 
control  loop  simulation  models  which  are  capable  of  handling  nonlinearities.  Modeling 
and  dynamic  simulation  was  accomplished  for  a  closed  loop,  nonlinear  control  system 
consisting  of  a  simplified  room  model.  The  analysis  was  performed  in  order  to 
evaluate  effects  of  parameter  variation  on  the  short  term  dynamics  of  an  HVAC  system 
with  associated  air  handling  equipment.  The  time  dependent  energy  and  mass  transfer 
equations  for  various  elements  of  the  system  were  solved  using  DYNASIM,  a  fourth  order 
Runge-Kutta  differential  equation  solver,  on  a  microcomputer.  Results  of  typical 
simulation  runs  show  effects  of  variation  in  heat  input  on  stability  of  dry  bulb  room 
temperature  response.  In  the  future  additional  system  operating  scenarios  are 
planned,  and  validation  efforts  will  continue  by  comparing  computer  simulated  results 
with  those  from  experiments  on  an  existing  environmental  chamber. 


PERFORMANCE  EVALUATION  FOR  CONCURRENT  PROCESSING.  R.  Obando,  J.  W.  Stoughton, 
and  R.  R.  Mielke,  Dept,  of  Elect,  and  Comp.  Eng.,  Old  Dominion  Univ.,  Norfolk, 
Va.,  23508.  Concurrent  processing  of  complex  algorithm  with  large  grain 
primitives  is  described  by  a  Petri  net  model.  The  model  provides  a  direct 
correspondence  between  hardware  requirements  and  the  algorithm  data  flow.  The 
graph  model  serves  the  purpose  of  defining  both  data  flow  and  control  flow  in 
the  multiprocessor  environment.  The  paper  presents  the  development  of 
supporting  diagnostic  tools  for  the  evaluation  of  algorithm  behavior.  The 
performance  measures  include  time  between  outputs,  time  from  input  to  output, 
concurrency,  and  event  statistics.  Individual  node  behavior  is  also  mapped  to 
determine  data  flow  restrictions.  Algorithm  behavior  is  thus  described  in  the 
presence  of  a  variable  number  of  processing  element. 
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EXTERNAL  CONTROL  OF  CHARGE  TRANSPORT  IN  GASES  AND  SEMICONDUCTORS. 
Karl  H.  Schoenbach ,  Old  Dominion  University,  Norfolk,  VA.  A  key 
problem  in  generating  high  power  pulses  for  lasers,  accelerators, 
and  microwave  generators  is  the  control  of  electrical  power  flow 
from  a  capacitive  or  inductive  energy  storage  system  to  the  load. 

In  order  to  transfer  energy  at  power  levels  of  up  to  terawatts 
into  pulse  power  systems,  switches  must  be  developed  which  can 
carry  currents  at  the  megaampere  level,  hold  off  voltages  in  the 
megavolt  range,  and  can  be  externally  controlled  on  a  time  scale 
of  nanoseconds.  Research  at  ODU  on  external  control  of  charge 
transport  at  high  power  levels  concentrates  on  laser  and  electron- 
beam  irradiated  semiconductors  and  magnetically  controlled  glow 
discharges  in  electro-negative  gases.  In  addition  to  experimen¬ 
tal  studies  on  the  transient  behavior  of  the  conductivity  in 
gases  and  semiconductors,  modeling  of  charge  transport  in  these 
switches  by  means  of  Monte-Carlo  codes  and  rate  equation  systems 
is  being  performed.  A  brief  review  of  these  research  activities 
is  given. 

PREDICTED  FLOW  DISTRIBUTIONS  IN  A  SIMULATED  CPR  MODEL  UNDER  VARIOUS  INPUT  AND 
SYSTEM  CONFIGURATIONS.  David  B.  Talley,  Div.  of  Biomedical  Engineering,  Medical 
Col.  of  Va  -  Va  Commonwealth  University,  1987.  Richmond,  VA  23225.  Closed-chest 
cardiopulmonary  resuscitation  (CPR)  produces  only  one  quarter  to  one  third  of 
the  normal  cardiac  output.  Modifications  in  the  technique  of  CPR  have  not 
resulted  in  sufficient  improvement  in  aortic,  coronary,  and  carotid  blood  flow 
to  merit  their  use  clinically.  The  goal  of  this  project  was  to  develop, 
validate,  and  study  a  more  accurate  and  diversified  computerized  CPR  model  than 
what  presently  exists.  An  electrical  circuit  software  program  called  SPICE 
(Version  2G.6)  was  used  to  modify  a  previously  developed  electrical  hardware  CPR 
model.  Our  model  was  designed  to  mimic  different  input  waveforms  and  simulate 
the  effect  of  compression  rate,  compression  duration,  compression  force,  and 
vessel  compliance  on  arterial  pressure  and  regional  blood  flow.  An  impressive 
approach  suggested  by  our  model  is  to  apply  brief  durations  of  high  force 
("spikes")  with  a  small  time  constant  to  the  chest.  We  termed  this  technique 
"impact"  CPR.  "Impact"  CPR,  when  applied  with  a  "spike"  amplitude  of  200  mmHg, 
rise  time  equal  to  1  millisecond,  and  compression  duration  of  250  msec,  will 
quadruple  coronary  flow  and  double  all  other  flows.  The  justification  for  animal 
and  human  studies  in  the  "impact"  CPR  technique  is  demonstrated  by  our  model. 


AN  EXPERIMENTAL  AND  ANALYTICAL  INVESTIGATION  OF  INCOMPRESSIBLE  FLUID  FLOW  THROUGH 
A  DISTENSIBLE  TUBE  SYSTEM.  Steven  C.  Wells,  Dept,  of  Mech.  Engr.  Tech.,  Old 
Dominion  University,  Norfolk,  VA  23508.  An  analysis  was  made  of  pressure  and 
flow  in  a  novel  elastic  tube  system  which  has  been  used  to  theorize  certain 
aspects  of  renal  hemodynamics.  Validation  of  the  Theory  could  alter  the  treatment 
of  certain  heart  and  kidney  disorders.  In  an  attempt  to  better  understand  a 
system  flow  anomaly  under  steady  driving  head  conditions,  experiments  were 
performed  and  a  mathematical  model  was  developed.  The  development  of  the  model 
incorporated  a  set  of  nonlinear  differential  and  algebraic  equations.  Using  a 
finite-difference  analysis  as  the  method  for  obtaining  a  numerical  solution, 
various  pressures  and  flows  were  obtained.  Results  for  the  steady-state  model 
were  validated  by  a  series  of  experiments.  The  results  of  the  model  revealed 
that  the  largest  contributing  factor  to  the  nonlinear  characteristics  of  the 
flows  and  pressures  was  due  to  the  distensible  tube  walls  that  made  up  the 
experiment  and  the  model.  The  response  of  the  system  to  instantaneous  changes 
in  the  loop  exit  venturi  throat  diameter  was  of  the  order  of  milliseconds. 
This  response  time  was  due  to  the  controlling  nature  of  the  loop/corset  elements 
in  the  model . 
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WATER  QUALITY  PATTERNS  IN  THE  LOWER  CHESAPEAKE  BAY  -  A  MULTIVARIATE  APPROACH. 
Raymond  W,  Alden  III  and  Steven  W.  Sokolowski*.  Applied  Marine  Research  Lab, 

Old  Dominion  Univ. ,  Norfolk,  VA  23508.  A  long-term  water  quality  monitoring 
investigation  has  been  established  in  the  lower  Chesapeake  Bay  as  a  component  of 
the  Chesapeake  Bay  Program.  Multivariate  statistical  techniques  were  used  to 
characterize  the  spatiotemporal  patterns  of  nutrients,  organic  materials,  plant 
pigments,  and  physicochemical  parameters  in  the  study  area.  Nonlinear  multiva¬ 
riate  regression  analysis  was  employed  to  "fit"  the  overall  temporal  trends  for 
each  variable  before  spatial  patterns  were  evaluated  by  other  multivariate  tech¬ 
niques.  Several  types  of  consistent  "seasonal"  trends  were  characterized.  Depth 
and  site-to-site  effects  also  explained  significant  portions  of  the  variance  for 
certain  parameters.  The  stations  in  closest  proximity  to  freshwater  sources 
(e.g.  the  James  River)  displayed  the  highest  levels  of  nutrients,  organic  carbon 
and  chlorophyll.  A  estuarine-coastal  water  gradient  in  water  quality  was  observ¬ 
ed  between  these  stations  and  those  which  were  more  influenced  by  marine  condi¬ 
tions.  Distinct  year-to-year  differences  and  even  the  impact  of  storm  events 
were  detected  by  the  multivariate  approach. 

THE  DIAGENESIS  OF  AMINO  ACIDS  IN  ANOXIC  COASTAL  SEDIMENTS.  David  J.  Burdiae*.  Dept,  of 
Oceanography,  Old  Dominion  University,  Norfolk,  VA  23508.  In  marine  sediments  similar  to  those  found 
in  Chesapeake  Bay,  amino  acids  have  been  observed  to  play  a  significant  role  in  the  remineralization  of 
both  carbon  and  nitrogen  in  the  sediments.  In  the  anoxic  sediments  of  Cape  Lookout  Bight,  NC,  total 
hydrolyzable  amino  acids  (THAA)  show  an  exponential  decrease  with  depth,  in  a  manner  similar  to  total 
organic  carbon  and  total  nitrogen.  On  a  mole/mole  basis,  the  carbon  and  nitrogen  in  THAAs  averages 
30-40SI  of  the  total  nitrogen  and  10-158  of  the  total  organic  carbon  in  these  sediments.  These 
percentages  both  decrease  with  depth,  indicating  preferential  remineralization  of  THAAs  relative  to  the 
bulk  organic  matter.  Kinetic  modelling  of  this  data  indicates  that  approx.  46±  168  of  the  THAAs  depositied 
in  these  sediments  are  remineralized  in  the  upper  40  cm.  This  accounts  for  82±438  of  the  total  nitrogen 
regeneration  and  27±  1 1 8  of  the  regeneration  of  total  organic  carbon  occurring  in  these  sediments.  The 
mean  residence  time  of  metabolizable  THAAs  is  therefore  «  9  months.  Aspartic  acid,  glutamic  acid,  glycine 
and  alanine  are  the  most  abundant  individual  amino  acids  in  these  sediments.  The  mole  8  of  most  amino 
acids  show  no  depth  variation,  although  the  mole  8  of  alanine  and  glutamic  acid  decrease  with  depth  and  the 
mole  8  of  glycine  increases  with  depth.  These  changes  are  attributed  to  selective  utilization  of  alanine  and 
glutamic  acid  and  preservation  of  glycine,  relative  to  the  other  amino  acids. 
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TEMPORAL  REDOX  VARIATIONS  IN  CHESAPEAKE  BAY.  Gregory  A^_  Cutter*.  Dept,  of 
Oceanography,  Old  Dominion  Univ.,  Norfolk,  VA  23508.  Recent  reports  of 
widespread  anoxia  in  Chesapeake  Bay  prompted  an  investigation  of  the  Bay's 
redox  environment.  A  suite  of  redox  tracers  (oxygen,  sulfide, 
nitrate/nitrite,  iodate/iodide,  As  III/V,  Sb  III/V)  were  determined  in  the 
Bay's  water  column  and  sediment  porewaters.  In  Aug.  1985  low  oxygen 
conditions  were  found  only  in  the  mid-Bay,  with  dissolved  HS“  in  bottom 
waters  ranging  from  0. 1-2.1  uM.  Iodate  depletion  typically  seen  in  anoxic 
waters  was  not  evident.  Moreover,  bottom  water  oxygen  and  sulfide 
concentrations  varied  by  up  to  an  order  of  magnitude  in  24  hours.  In  July 
1986  oxygen-depleted  bottom  waters  were  more  widespread,  HS-  had  a  maximum 
of  9  uM,  and  iodate  was  undetectable.  Using  a  sequential  in-situ  sampler 
deployed  for  2  days,  dissolved  sulfide  concentrations  showed  large  hourly 
variations.  The  presence  of  millimolar  concentrations  of  HS-  in  sediment 
porewaters  suggests  a  potentially  large  source  to  bottom  waters.  The 
contribution  of  elements  with  reduced  oxidation  states  from  in-situ  water 
column  versus  sediment  diffusional  processes  will  be  discussed. 


COMPARATIVE  STUDY  OF  PRIMARY  INDICATORS  OF  GROUNDWATER  CONTAMINATION  IN 
LYNCHBURG  AND  IN  SEVERAL  SURROUNDING  COUNTIES.  Christine  R.  Fisher*,  Eddie  D. 
Foster*,  Michael  E.  Robertson*,  Dept,  of  Biol.,  Lynchburg  College,  Lynchburg, 

Va.  24501.  Certain  parameters  are  used  to  indicate  and  to  measure  groundwater 
contamination.  Six  sources  of  underground  springs  in  Lynchburg,  Va. ,  and  in 
several  surrounding  counties  were  tested,  a  sample  of  Lynchburg  City  drinking 
water,  and  water  from  a  250  foot  well  in  Bedford  County.  All  samples  were 
analyzed  for  the  following:  conductivity,  pH,  lead,  copper,  iron,  zinc,  fecal 
coliform,  halogenated  volatile  compounds,  and  total  organic  carbon.  Collecting 
and  analyzing  procedures  were  performed  in  accordance  with  Standard  Methods  for 
the  Examination  of  Water  and  Wastewater,  16th  Edition.  The  findings  identified 
no  problem  with  samples  analyzed.  Samples  tested  were  well  within  the  limits 
of  acceptance  for  potable  water  in  the  U.S.  with  two  exceptions.  Fecal  coliform 
contamination  from  the  sample  from  a  rock  outcropping  on  the  Blue  Ridge  Parkway 
showed  nine  colonies  per  100  ml.  Iron  concentration  in  the  sample  of  Lynchburg 
City  Water  was  .447  ppm.  Tables  are  provided  listing  acceptable  ranges  of 
tested  parameters  along  with  actual  concentration  for  each  sample. 

POTENTIAL  FISHING  METHODS  FOR  FISH  AGGREGATING  DEVICES  (FADs)  OFF 
PUERTO  RICO.  Alan  Fr i ed Lander ,  Dept,  of  Ocean.,  Old  Dominion 
Univ.  Norfolk,  Va .  23508.  Six  FADs  were  deployed  off  northeast 
Puerto  Rico  in  June  and  monitored  through  December  1986.  Emphasis 
was  placed  on  developing  small-scale  fishing  gear  and  techniques. 
There  was  a  significant  difference  in  fishing  success  among  four 
different  trolling  regimes  with  56.3*/.  of  the  fish  taken  on  natural 
bait  at  the  surface.  Of  fish  caught,  64.2%  were  dolphin  ICgryghaena 
hieeycys) .  These  were  found  close  to  the  FADs  with  32  of  34  caught 
within  50  meters.  Of  the  nine  tuna  hooked,  six  were  caught  more 
than  1,000  meters  from  the  FADs.  Commercial  night  fishing  landings 
averaged  $305.35  per  trip  during  the  summer.  Pelagics,  largely  king 
fish  iScomber omorus  cavalla)  comprised  83.9%  of  the  catch.  Tuna  and 
occasionally  dolphin  and  wahoo  lAcanthocyb  i_um  solanderi  )  were  also 
landed.  In  the  fall,  the  highest  catch  rates  around  FADs  were  in 
late  evening  and  early  morning  hours.  Steel  leader  and  tuna-circle 
hooks  resulted  in  higher  catch  rates  during  vertical  longline 
trials.  Hooks  with  glowsticks  caught  more  fish  than  those  without. 
Sharks  were  common  and  are  potentially  valuable. 
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GAMMARUS  MINUS :  COLLECTOR  OR  SHREDDER?  Carol  J_.  Haley  and  Arthur  L.  Buikema,  Jr 
Dept,  of  Biol.,  Va.  Polytech.  Inst,  and  State  Univ. ,  Blacksburg,  VA  24061. 
Mouthpart  morphology  and  feeding  behavior  of  the  amphipod,  Gammarus  minus ,  were 
studied  to  determine  what  foods  the  animal  can  eat.  Scanning  electron  micros¬ 
copy  shows  the  incisors  and  first  maxillae  to  be  sturdy  structures  capable  of 
shredding  plant  material.  Numerous  setae  on  the  second  maxillae  and  maxilli- 
peds  and  on  other  appendages,  such  as  gnathopods,  may  enable  the  animal  to 
collect  suspended  particles.  Behavioral  observations  support  these  conclusions 
Adult  animals  in  the  laboratory  can  shred  sizeable  portions  of  an  intact  leaf 
over  a  period  of  weeks.  They  also  can  transfer  fine  particles  from  the  sedi¬ 
ment  in  an  observation  chamber  to  the  water  column  by  thrashing  about  within 
the  sediment.  They  then  remove  particles  from  the  water  column,  using  their 
antennae  and  gnathopods.  In  addition  to  these  two  behaviors,  the  animals 
also  use  their  gnathopods  and  antennae  to  scoop  up  particles  directly  from 
the  sediment.  (?.  minus  thus  appears  to  be  capable  of  three  feeding  modes. 
(Supported  by  grants  from  Sigma  Xi,  VAS,  and  the  Graduate  Research  Development 
Program  of  VPI  &  SU.) 

IN  SITU  ENCLOSURE  STUDY  OF  THE  IMPACT  OF  ZOOPLANKTON  GRAZING  ON  PHYTOPLANKTON 
BIOMASS  IN  AN  HYPER-EUTROPHIC  COVE  AND  RIVER  ENVIRONMENT.  Allan  W.  Hide*, 

Dept,  of  Biol.,  George  Mason  Univ.,  Fairfax,  VA,  22030.  Grazing  by 
zooplankton  on  phytoplankton  may  exert  a  controlling  influence  on  algal 
abundance.  A  preliminary  IN  SITU  experiment  using  enclosures  (19  liters)  was 
conducted  in  Gunston  Cove,  an  embayment  of  the  Potomac  River,  and  a  nearby 
river  station  in  the  Potomac  River.  The  experiment  measured  responses  in 
chlorophyll  a  and  zooplankton  species  composition  over  a  two-day  period,  as 
a  result  of  increasing  zooplankton  levels  to  five  and  ten  times  ambient 
zooplankton  concentrations  on  the  initial  day.  Results  showed  there  was  a 
significant  reduction  in  chlorophyll  a  in  the  cove  station  on  the  final  day 
in  the  ten  times  zooplankton  treatment,  when  it  was  compared  to  final 
nozooplankton  and  final  five  times  zooplankton  treatments.  Chlorophyll  a 
levels  appeared  to  show  a  decline  over  the  experimental  period  in  the  cove 
station. 

TRIBUTYLTIN  IN  THE  LOWER  CHESAPEAKE  BAY.  Robert  J.  Huggett,  Div.  of  Chem.  and 
Tox.,  Va.  Inst,  of  Marine  Science,  Sch.  of  Marine  Science,  The  Col.  of  William 
and  Mary,  Gloucester  Point,  Va.  23696.  Tributyltin  (TBT)  is  a  toxic  chemical 
which  is  why  it  is  used  as  a  biocide  in  antifouling  paints  applied  to  the 
bottoms  of  boats  and  ships.  It  leaches  or  diffuses  out  of  the  paint  film 
forming  a  very  thin  layer  of  highly  concentrated  TBT  in  the  waters  surrounding 
the  vessel's  hull.  Fouling  or  nuisance  organisms  are  killed  or  repelled  when 
they  encounter  this  layer  thus  protecting  the  vessel  from  the  deleterious 
effects  of  the  fouling  community.  It  further  diffuses  into  the  adjacent  waters 
where  other  plants  and  animals  are  exposed.  It  is  this  aspect  of  the  issue 
which  has  caused  concern  in  the  scientific  community  of  this  country  and  of 
several  countries  in  Europe  as  well.  Concentrations  of  TBT  in  Virginia's 
waters,  sediments  and  estuarine  organisms  will  be  presented  and  compared  with 
laboratory  toxicity  data. 
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PHYTOPLANKTON  DYNAMICS  IN  GUNSTON  COVE  AND  THE  NEARBY  POTOMAC  RIVER  DURING 
1986.  R.  Christian  Jones,  Dept,  of  Biology,  Geo.  Mason  Univ.,  Fairfax,  Va. 

22030.  Phytoplankton  dynamics  as  measured  by  chlorophyll,  photosynthetic 
activity,  and  taxonomic  enumeration  were  determined  monthly  in  Gunston  Cove, 
a  shallow  embayment,  and  the  nearby  Potomac  River  mainstem  continuing  a  study 
begun  in  1984.  Chlorophyll,  photosynthetic  rate,  and  cell  number  increased 
rapidly  in  the  cove  during  May,  June,  and  July  with  increasing  domination  by 
blue-greens  during  the  period.  A  succession  of  algal  species  occurred  during 
this  period  with  Chroococcus  dominating  in  May,  Raphidiopsis  in  June,  and 
Microcystis  in  July  when  chlorophyll  reached  300-400  ug/L.  River  phytoplank¬ 
ton  showed  little  change  until  July  when  Chroococcus  was  dominant  and 
chlorophylls  approached  100  ug/L.  Microcystis  dominance,  chlorophyll  con¬ 
centration,  and  photosynthetic  rate  dropped  substantially  in  the  cove  in 
August  as  dominance  shifted  to  another  cyanophyte  Merismopedia .  In  the  river 
chlorophyll  began  decreasing  in  August  and  dominance  shifted  to  Merismopedia . 
Data  collected  since  1984  indicate  a  normal  succession  of  phytoplankton  in 
the  cove  from  centric  diatoms  in  early  spring  through  a  sequence  of  cyanophytes 
(Chroococcus  to  Raphidiopsis  to  Microcystis  to  Merismopedia) . 

PRELIMINARY  EVALUATION  OF  PHYTOPLANKTON  COMPOSITION  AND  CONCENTRATIONS  IN  BACK 
BAY,  VIRGINIA.  H.  G.  Marshall.  Dept,  of  Biological  Sciences,  Old  Dominion 
Univ.,  Norfolk,  Va .  23508.  Results  of  monitoring  the  phytoplankton  composition 
for  one  year  at  six  stations  in  Back  Bay  are  discussed.  The  phytoplankton  was 
dominated  by  colonial  and  coccoid  cyanobacteria  throughout  the  period  of  study. 
Dominant  species  included  Microcystis  aeruginosa ,  Merismopedia  e legans ,  M. 
glauca ,  M.  tenuissima,  Chroococcus  limneticus,  Gomphosphaer ia  aponina ,  Lyngbya 
limnetica  and  Lyngbya  contorta.  A  major  component  of  the  phytoplankton  were 
pico  and  nanoplankton  cells  (<5  pm)  composed  of  cyanobacteria  and  chlorophy- 
ceans.  Subdominants  throughout  the  year  included  the  centric  diatom  Cyclotella 
striata  and  several  crytomonads.  Occasional  neritic  diatom  and  dinof lage 1 lates 
were  in  samples,  mostly  from  the  southeastern  Bay  collections  sites.  Compari¬ 
sons  made  to  a  study  of  Back  Bay  phytoplankton  by  Comegys  (1977)  indicated  the 
level  of  turbidity  has  increased  considerably  over  the  past  decade,  yet  the 
cyanobacteria  have  remained  the  dominant  assemblage  over  this  time  period,  with 
a  trend  for  reduced  representation  by  several  other  taxa.  (Supported  by  the 
Virginia  Commission  of  Game  and  Inland  Fisheries.) 

DISCOVERY  OF  UNEXPECTEDLY  HIGH  INDOOR  RADON  LEVELS  IN  VIRGINIA  AND  MARYLAND. 

Doug! as  G.  Mo se  and  George  W.  Mushrush,  Center  for  Science  in  Public  Service, 
George  Mason  University,  Fairfax,  VA  22030.  It  is  now  widely  known  that  Rn-222 
is  causing  about  20,000  lung  cancer  deaths/year  in  the  United  States.  This  radio¬ 
active  gas  is  produced  by  the  natural  decay  of  U-238  in  soil  and  rock,  and  en¬ 
ters  homes  through  cracks  and  openings  in  basements  or  base-level  slabs.  The 
radon  in  a  typical  VA  and  MD  soil  has  an  activity  of  @  500-5000  picoCuries  per 
liter  (pCi/1).  Fortunately,  indoor  radon  (IR)  levels  are  usually  much  lower  at 
about  1-50  pCi/1.  Nationally  it  is  estimated  that  10-20%  of  the  homes  have  IR 
levels  above  4  pCi/1,  the  level  above  which  the  EPA  suggests  that  the  owner 
consider  remedial  (radon-lowering)  home  repairs.  Our  study,  conducted  during 
11/1/86-1/31/87,  showed  that  in  Fairfax  County,  VA  and  Montgomery  County,  MD 
about  50%  of  the  homes  have  IR  levels  above  4  pCi/1.  Geology  clearly  controls 
the  IR  levels,  possibly  more  than  the  type  of  home  construction.  About  15%  of 
the  homes  built  on  Coastal  Plain  strata  exceed  an  IR  of  4  pCi/1.  About  35%  of 
the  homes  built  on  the  Culpeper  Basin  rocks  exceed  4  pCi/1.  Homes  in  the  Pied¬ 
mont  Province  have  the  highest  %  above  4  pCi/1  (70%  exceed  4  pCi/1  in  the 
phyllite).  We  suggest  an  increased  level  of  IR  testing  in  area  homes,  along 
with  the  development  of  predictive  tools  for  builders  of  new  homes. 
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DISSOLVED  OXYGEN  AND  NUTRIENT  PATTERNS  IN  MID-PORTION  OF  CHESAPEAKE  BAY.  Bruce 
NeilsorC  and  Kevin  Curling*,  Div.  of  Physical  Oceanography,  Va .  Inst,  of  Mar. 
Sci./Sch.  of  Mar.  Sci.,  College  of  William  &  Mary,  Gloucester  Point,  VA.  23062. 
In  recent  years  awareness  and  concern  about  the  health  of  Chesapeake  Bay  have 
been  heightened.  However,  among  many  scientists  and  managers  the  perception 
has  been  that  the  severe  water  quality  problems  existed  primarily  in  the  Mary¬ 
land  portion  of  the  Bay.  Data  from  the  EPA  sponsored  monitoring  program,  which 
began  in  the  summer  of  1984,  indicate  that  hypoxia  and  anoxia  also  occur  in  the 
Virginia  portion  of  the  Bay  as  well.  Seasonal  variations  in  chlorophyll  and 
nutrient  concentrations  are  pronounced  but  average  concentrations  are  relatively 
low. 


INTERMEDIATE  SCALE  OF  VARIABILITY  IN  PHYTOPLANKTON  COMPOSITION  IN  THE  ELIZABETH 
RIVER,  VIRGINIA.  Robert  O'Reilly  and  H.  G.  Marshall.  Dept,  of  Biological 
Sciences,  Old  Dominion  Univ.,  Norfolk,  Va.  23508.  Multiple  daily  samples  of 
phytoplankton  and  related  variables,  including  dissolved  oxygen  and  inorganic 
nutrients,  were  determined  between  October  and  December  1984  at  four  stations  in 
three  branches  of  the  river.  Cluster  and  discriminant  analyses  were  employed  to 
assess  patterns  of  species  abundance  and  environmental  factors.  Chain-forming 
diatoms  (e.g.  Skeletonema  costatum),  cryptomonads  and  a  pico-nanop lankton  com¬ 
ponent  were  dominant.  Cell  abundance  was  greater  in  October,  but  biomass 
greater  in  December  due  to  an  increase  in  diatoms.  Spatial  separation  of  envir¬ 
onmental  samples  resulted,  while  phytoplankton  groups  were  not  spatially  distin¬ 
guished.  Discriminate  analysis  revealed  a  distinct  coupling  between  the  environ¬ 
mental-phytoplankton  species  abundance  variability.  In  comparison  to  December, 
October  cell  concentrations  of  Leptocylindrus  minimus,  Eutreptia  viridis, 

Ditylum  br ightwe 1 1 i i  and  Cryptomonas  sp.2  were  higher  which  corresponded  to 
higher  water  temperatures  and  inorganic  nutrient  levels  and  lower  salinity  and 
dissolved  oxygen  conditions.  Total  cell  abundance  was  also  higher  in  October. 
Fall  mesoscale  (6-14  km,  6  weeks)  species  abundance  patterns  in  the  Elizabeth 
River  were  mainly  a  function  of  temporal  environmental  variability. 

AN  APPROACH  FOR  RECOMMENDING  MINIMUM  INSTREAM  FLOWS  FOR  VIRGINIA  STREAMS. 

Donald  J.  Orfh.  Dept,  of  Fisheries  &  Wildlife  Sciences,  Va.  Polytechnic  Inst.  & 
State  Univ.,  Blacksburg,  Va.  24061,  &  Paul  M.  Leonard,  EA  Engineering,  Science, 
and  Technology,  Inc.,  Sparks,  Md.  21152.  Reliable  methods  are  urgently  needed 
for  recommending  minimum  instream  flows  to  protect  aquatic  life.  We  applied 
physical  microhabitat  models  (PHABSIM)  for  nine  target  fish  species  in  four 
streams  in  the  Upper  James  River  basin,  Virginia,  to  identify  stream  flows  that 
optimize  habitat  for  these  target  species.  The  optimum  flows  for  fish  habitat 
increased  with  increased  stream  size,  but  the  slope  of  this  relationship  was  not 
constant;  as  stream  size  increased  lower  proportions  of  average  discharge  were 
required  to  maintain  optimum  habitat.  Equations  were  derived  to  develop  flow 
recommendations  for  other  streams  In  the  Upper  James  River  basin  based  on  the 
average  discharge.  Our  results  suggest  that  the  New  England  policy  (aquatic 
base  flow)  recommendations  (i.e.,  September  median  flow)  provide  varying 
degrees  of  habitat  protection.  The  Montana  method  105?  average  discharge 
recommendation  correctly  identified  degraded  or  poor  habitat  conditions,  and 
the  30*  recommendation  corresponded  to  near  optimum  habitat  in  small  streams, 
but  greater  than  optimum  flow  at  the  large  stream  site. 
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SURVIVAL  AND  MICROBIAL  COMMUNITY  EFFECTS  OF  CENETICALLY  ENGINEERED 
ERWINIA  CAROTOVORA  RELEASED  INTO  SOIL  MICROCOSMS.  David  R^  Orvos,  George 
H.  Lacy*,  and  John  Cairns,  Jr,  Univ.  Ctr.  for  Environmental  and 
Hazardous  Materials  Studies  and  Dept,  of  Biology,  Va.  Polytechnic  Inst,  and 
State  Univ.,  Blacksburg,  Va.  24061.  Microcosms  were  used  to  evaluate  the 
survivability  of  three  strains  of  the  plant  pathogen  Erwinia  carotovora, 
including  two  that  were  genetically  engineered,  in  non-sterile  no-till 
soil.  After  6  days  an  ampicillin-resistant  engineered  pathogenic  strain 
declined  to  18%  of  its  original  concentration  of  10^  cfu/ml  while  a 
rifampin-resistant  wildtype  mutant  declined  to  22%.  However,  a  kanamycin- 
resistant  engineered  organism  with  reduced  pathogenicity  declined  to  30% 
of  its  original  concentration.  Statistical  significance  of  this  difference 
and  the  effects  of  longer  incubation  times  on  survival  are  being 
evaluated  as  are  effects  of  introduced  Erwinia  on  populations  of  indigenous 
organisms . 


INFLUENCE  OF  SUBSTRATE  COMPOSITION  ON  MAYFLY  PREDATION  BY  PARAGNETINA  FUMOSA 
(BANKS)  (PLECOPTERA:PERLIDAE).  Kurt  W.  Pontasch,  Univ.  Ctr.  for  Environmental  and  Hazardous 
Materials  Studies  and  Dept,  of  Biology,  Va.  Polytechnic  Inst,  and  State  Univ.,  Blacksburg,  Va.  24061. 

An  experiment  was  conducted  to  determine  if  substrate  size  and  embeddedness  influence  the  rate  of 
predation  by  Paragnetina  fumosa  on  several  of  its  naturally  occurring  mayfly  prey  species.  The  hy¬ 
pothesis  tested  was  that  predation  rate  would  be  inversely  related  to  substrate  complexity.  The  ex¬ 
periment  was  conducted  in  circular  plexiglass  streams.  Rates  of  predation  were  evaluated  in  triplicate 
on  three  substrate  types:  1)  sand  (0.5-2. 0mm);  2)  sand  with  1  layer  of  25-50%  embedded  pebbles 
(3-5cm);  and  3)  sand  with  one  layer  of  unembedded  pebbles.  The  principal  mayfly  prey  item  (10  per 
stream)  was  Baetis  vagans  (Ephemeroptera:Baetidae).  In  addition,  several  species  of  heptageniid 
mayflies  (Ephemeroptera:Heptagemidae)  were  included  (7  per  stream)  as  prey  items.  The  heptageniid 
prey  species  were  Epeorus  rubidus,  Epeorus  dispar,  Stenonema  sinclari,  Stenacron  interpunctatum,  and 
Leucrocuta  sp.  One  medium  (15mm)  and  two  large  (25mm)  predators  were  placed  in  each  stream. 
For  all  prey  species  combined  and  Baetis  vagans  alone,  the  overall  predation  rate  was  significantly 
lower  ( P < 0.05)  on  the  complex  substrate  (pebbles  unembedded  in  sand)  than  on  the  simple  substrate 
(sand  alone);  the  pebble  embbeded  in  sand  substrate  exhibited  an  intermediate  predation  rate.  The 
differences  in  predation  rates  among  the  various  substrates  are  attributed  to  the  availability  of  spatial 
refuge. 


RESPONSE  OF  TWO  SPECIES  OF  SPHAGNUM  TO  VARYING  LIGHT  REGIMES.  Ann  C,  Powel, 
Dept,  of  Biology,  Geo.  Mason  Univ.,  Fairfax,  Va.,  22030  The  response  of  two 
different  species  of  Sphagnum  to  varying  light  regimes  was  determined  in  the 
laboratory  by  measuring  change  in  weight  and  length  monthly  for  three  months. 
Two  Sphagnum  species  were  collected  from  an  Atlantic  white  cedar  swamp  on 
Papoose  Branch  in  the  New  Jersey  Pine  Barrens.  Species  B  was  collected  under 
the  cedar  canopy  while  Species  A  was  collected  from  an  area  where  the  canopy 
had  recently  burned.  The  light  regimes  tested  were  ambient  greenhouse  condi¬ 
tions,  shaded  greenhouse  conditions,  and  artificial  light.  Length  and  weight 
consistently  increased  over  the  course  of  the  experiment  except  in  one  treat¬ 
ment  (low  light.  Species  A).  Growth  in  length  was  greatest  for  both  species 
under  artificial  light.  For  Species  A,  there  was  a  significant  difference  in 
length  between  plants  grown  in  artificial  light  and  plants  grown  under  both 
greenhouse  conditions;  for  Species  B,  a  significant  difference  was  found 
between  plants  grown  in  artificial  light  and  shaded  greenhouse  conditions. 
Species  B  grew  significantly  greater  in  length  than  Species  A  under  both 
greenhouse  conditions. 
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THE  APPLICATION  OF  SOCIAL  JUDGMENT  ANALYSIS  TO  FISHERIES  MANAGEMENT.  Bret  A. 
Preston  and  Larry  A.  Nielsen,  Dept,  of  Fisheries  and  Wildlife,  Virginia  Tech, 
Blacksburg,  VA  24061.  Fisheries  management  is  a  semi-analytic  discipline  in 
which  objective,  scientifically-produced  knowledge  is  combined  with  experience 
and  subjective  judgment  to  produce  management  practices.  Converting  this  im¬ 
plicit  experience  and  knowledge  into  concise,  working  statements  is  one  of  the 
keys  to  future  success.  Social  judgment  analysis  is  a  technique  that  transforms 
this  implicit  wisdom  into  explicit,  quantified  formulae,  which  are  then  avail¬ 
able  to  new  managers  and  new  situations.  Social  judgment  analysis  involves  (1) 
compiling  a  team  of  experts,  (2)  creating  a  series  of  hypothetical  cases  for  a 
particular  management  situation,  (3)  having  the  experts  judge  the  quality  of 
the  cases,  and  (4)  creating  a  multiple  regression  equation  describing  their 
judgment.  Social  judgment  analysis  is  currently  being  used  to  describe  the 
ideal  design  for  urban  fisheries,  a  new  branch  of  fisheries  management.  Because 
little  research  has  been  performed  on  urban  fisheries,  the  knowledge  base  is 
the  accumulated  wisdom  of  experienced  urban  fisheries  managers.  That  wisdom 
will  be  made  explicit  in  two  8-item  regression  models,  one  for  small  ponds  and 
one  for  natural  waterfronts.  (Supported  by  the  Sport  Fishery  Research  Founda¬ 
tion  and  Virginia  Tech.) 

THE  EFFECT  OF  SUBSTRATE  ROUGHNESS  UPON  THE  DEVELOPMENT  OF  BENTHIC  ALGAL  MATS  IN 
FLOWING  WATER.  Michael  A.  Reiter,  Dept,  of  Environmental  Sci.,  Univ.  of  Va., 
Charlottesville,  Va.  22903.  Natural  assemblages  of  algae  were  allowed  to 
colonize  a  flume  with  a  flat  substrate,  as  well  as  two  flumes  with  ranks  of 
half-cylinders  of  different  radius  to  determine  the  effect  of  hydrodynamics  on 
the  development  of  a  benthic  algal  assemblage,  and  the  concommitant  effect  of 
the  assemblage  upon  the  hydrodynamics.  The  species  composition,  dry  weight 
biomass,  biovolume,  and  mat  height  were  compared  to  the  velocity  profile, 
friction  velocity,  roughness  height,  and  Manning's  n  obtained  from  Pitot  tubes 
and  theoretical  equations.  The  development  of  the  algae  produced  a  quiescent 
zone  which  increased  the  calculated  friction  velocity  near  the  substrate  as  well 
as  the  calculated  effective  roughness.  Of  the  values  measured  or  calculated, 
only  near-substrate  velocities  became  similar  across  all  flumes.  The  calculated 
roughness  heights  and  mat  heights  within  the  rough  flumes  increased  to  encompass 
the  half-cylinders,  placing  the  half-cylinders  and  much  of  the  developing  algae 
in  a  zone  of  undetectable  velocity*  The  algal  assemblages  in  the  two  rough 
flumes  appear  to  have  developed  differently  from  one  another  in  response  to  the 
range  of  conditions  tested  thus  far. 

CHLORINATION/ DECHLORINATION  RATES  AND  THE  IMPLICATIONS  FOR  THE  DISCHARGE  OF 
SEWAGE  EFFLUENT  IN  THE  CHESAPEAKE  BAY.  Frank  E.  Scully,  Jr.,  Dept,  of  Chem. 
Sci.,  Old  Dominion  Univ.,  Norfolk,  Va.  23508.  Municipal  wastewater  effluent 
contains  a  considerable  number  and  concentration  of  organic  nitrogen  compounds. 
Concentrations  of  amines,  amino  acids,  and  other  organic  nitrogen  compounds 
will  be  discussed.  These  compounds  react  extremely  rapidly  with  the  disinfec¬ 
tant,  aqueous  chlorine,  to  form  residual  oxidants,  organic  N-chloramines ,  which 
are  believed  to  be  toxic  to  fish.  The  U.S.  Environmental  protection  Agency  is 
pushing  for  dechlorination  of  sewage  effluent  to  reduce  this  toxicity,  but  model 
studies  reveal  that  the  dechlorination  reaction  would  require  hours  of  contact 
time  to  be  effective.  The  question  of  the  utility  of  implementing  this  process 
will  be  discussed. 
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WATER  QUALITY  OF  VIRGINIA"S  MAJOR  TRIBUTARIES  TO  THE  CHESAPEAKE  BAY.  Robert  C. 
Siegfried*  and  Frederick  A.  Hoffman*;  Chesapeake  Bay  Program,  Virginia  Water 
Control  Board,  2111  North  Hamilton  Street,  Richmond,  VA  23230.  As  part  of  the 
coordinated  monitoring  of  the  Chesapeake  Bay  and  its  tributaries,  the  Virginia 
Water  Control  Board  routinely  collects  physical  and  chemical  measurements 
within  the  James,  York,  and  Rappahannock  River  basins.  The  spatial  and  temporal 
patterns  in  nitrogen  and  phosphorus  show  differences  between  the  three  river 
systems.  The  Rappahannock  River  exhibits  a  peak  in  dissolved  inorganic 
nitrogen  during  the  high  stream  flow  of  winter  and  spring,  with  a  minimum  in 
the  summer  which  is  typical  of  non-point  source  dominated  systems.  The  James 
River  has  a  similar  pattern  at  the  fall  line,  but  further  down  river  the 
pattern  of  nitrogen  concentration  shows  the  influence  of  point  source  inputs. 

The  York  River  has  similar  trends  as  the  James,  but  with  lower  concentrations. 
The  James  has  higher  phosphorus  concentrations  throughout  its  length  than  the 
York  or  Rappahannock  Rivers.  Data  indicates  that  these  elevated  phosphorus 
levels  result  from  high  inputs  above  the  fall  line  as  well  as  point  sources 
of  orthophosphate  in  the  Richmond  -  Hopewell  area. 

ABUNDANCE  AND  TROPHIC  ECOLOGY  OF  LARGEMOUTH  BASS  IN  RELATION  TO  SUBMERGED 
AQUATIC  VEGETATION  IN  A  RESERVOIR.  Scott  M.  Smith  and  Donald  J.  Orth,  Dept,  of 
Fisheries  &  Wildlife  Sciences,  Va.  Polytechnic  Inst.  &  State  Univ.,  Blacksburg, 
Va.  24061.  Largemouth  bass  (Micropterus  salmoides)  (>200  mm)  were  sampled  by 
boat  electrofishing  along  the  entire  shoreline  of  a  West  Virginia  reservoir; 
the  shoreline  segments  were  classified  based  upon  submerged  aquatic  vegetation 
coverage.  We  then  compared  relative  abundance  of  largemouth  bass  at  different 
vegetation  levels  using  catch  per  effort  as  an  index  of  abundance.  The  stomach 
contents  were  removed  from  all  captured  largemouth  bass,  and  these  were  used  to 
compare  foraging  success  of  largemouth  bass  among  the  three  vegetation  classes. 
Measures  of  foraging  success  considered  included  ingested  prey  weight/bass 
weight.  Ingested  prey  size/bass  size,  and  diet  variability.  Results  indicate 
that  a  positive  relationship  between  largemouth  bass  abundance  and  submerged 
aquatic  vegetation  does  exist.  Also,  the  primary  diet  item  of  the  largemouth 
bass  is  the  crayfish  (Orconectes  obscurus).  There  Is,  however,  no  evidence 
at  this  time  to  indicate  differences  in  feeding  selectivity  between  largemouth 
bass  from  the  three  vegetation  levels. 


THE  BIOLOGY  AND  MANAGEMENT  OF  CHESAPEAKE  BAY  STRIPED  BASS.  Charles  M.  Wooley* , 
Chesapeake  Bay  Fisheries  Coordinator,  U.S.  Fish  and  Wildlife  Service,  Annapolis, 
Maryland  21401.  The  distribution  of  Atlantic  coastal  migratory  striped  bass 
typically  spans  a  number  of  different  states  and  management  jurisdictions.  The 
major  migratory  stocks  originate  in  the  Roanoke,  Chesapeake,  and  Hudson  systems. 
The  current  stocks  of  Chesapeake  Bay  striped  bass  are  extremely  low.  Evidence 
suggests  that  certain  factors,  such  as  contaminants,  organic  over-enrichment, 
availability  of  prey  for  younger  stages  and  water  use  practices,  may  lead  to 
significant  mortality  in  relatively  local  situations  within  Chesapeake  Bay. 

Two  factors  significantly  impact  the  coastal  and  Chesapeake  Bay  populations: 
random  abiotic  events  influence  egg  to  juvenile  survival,  while  fishing  mortal¬ 
ity  influences  juvenile  to  spawning  adult  survival.  The  Interstate  Fishery 
Management  Plan  for  striped  bass  developed  through  the  Atlantic  States  Marine 
Fisheries  Commission  provides  a  comprehensive  approach  to  regulating  fishing 
mortality  and  providing  coastwide  striped  bass  management. 
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SOME  IMPORTANT  OBSERVATIONS  ON  THE  OCCURENCE  AND  FREQUENCY  OF  VENOMOUS  FAUNA 
FOUND  IN  ILLEGAL  ROADSIDE  SOLID  WASTE  ACCUMULATIONS  IN  CENTRAL  VIRGINIA. 

Robert  A.  S.  Wright,  Central  Virginia  Biological  Research  Consortium,  Richmond, 
Virginia  23225. 

Recent  litter  control  research  in  the  piedmont  counties  of  Amelia,  Chesterfield, 
Cumberland  and  Powhatan  has  disclosed  a  potentially  dangerous  health  risk  to 
field  workers  responsible  for  the  management  and  clean-up  of  illegally  deposit¬ 
ed  refuse  along  Virginia's  primary  and  especially  secondary  highways.  Studies 
reveal  that  rather  dense  local  populations  of  black  widow  spiders  ( Latrodectus 
mactans)  infest  numerous  promiscuous  roadside  dumps.  Additionally,  venomous 
copperhead  snakes  (Agkistrodon  contortrix  moke  son)  have  also  been  observed  in 
or  adjacent  surveyed  refuse  piles.  This  venomous  fauna/refuse  relationship  has 
been  reported  in  both  the  arachnological  and  herpetological  literature,  but  has 
been  neglected  or  overlooked  in  municipal,  quasi-governmental  and  private 
organization  informational  pamphlets  and  other  literature.  It  is  suggested  that 
this  oversight  be  corrected. 


Geology 


MANAGEMENT  OF  CROSS  CORRELATION  OF  DIGITIZED  SIGNALS  ON  AN  IBM- PC,  AN  APPLICA¬ 
TION  IN  MARINE  GEOPHYSICS.  Roddy  V.  Amenta.  Dept,  of  Geology,  James  Madison 
Univ. ,  Harrisonburg,  Va.  22807,  &  J.  Matthew  Tattersall*,  Naval  Underwater 
Systems  Center,  New  London,  Ct.  06320.  It  has  long  been  recognized  that 
acoustical  signals  that  interact  with  the  sea  floor  are  modified  by  topography 
and  sediment  type.  Study  is  now  underway  in  determining  the  nature  of  this 
modification  as  a  function  of  both  signal  and  sea  floor  characteristics. 

Ability  to  compare  signals  is  critical.  Comparison  of  two  signals  is  accom¬ 
plished  by  calculation  of  their  cross  correlation  function  which  involves 
multiplication  of  their  Fourier  transforms  and  then  taking  the  inverse  Fourier 
transform  of  the  result.  A  program  that  manages  disk  I/O  and  signal  processing 
and  graphics  software  has  been  written  in  Fortran  for  the  IBM-PC.  Results  with 
recently  collected  test  data  indicate  that  the  PC  performs  adequately  in  this 
task  compared  to  a  main  frame  computer  and  that  it  has  the  additional  advantage 
of  portability. 


APPALACHIAN  LANDSLIDE  HAZARDS:  NORTHERN  APPALACHIANS.  Charles  A.  Baskerville* 
&  G.C.  Ohlmacher*,  U.S.G.S.,  922  National  Center,  Reston ,  Va.  22092.  TTTe 
Northern  Appalachians  include  parts  of  the  Appalachian  Plateaus,  Valley  and 
Ridge,  and  New  England  Upland  physiographic  provinces,  ranging  from 
Pennsylvania  northeastward  to  Maine.  The  slope  movements  that  occur  in  these 
provinces  and  their  subdivisions  consist  of  rock-block  slides,  rock  falls, 
debris  flows,  and  earth  flows.  Because  the  region  includes  glaciated  and 
nonglaciated  terrane,  slope  movements  can  be  found  in  saprolitic  and  other 
weathered  bedrock  materials,  glacial  tills,  and  lakebed  deposits,  as  well  as  in 
various  consolidated  rock  types  ranging  in  age  from  Proterozoic  to  Jurassic. 
Many  slope  failures  in  the  region  have  been  life  threatening  and  have  caused 
great  property  damage.  Some  landslides  that  occurred  between  1982  and  1986  in 
Vermont  were  particularly  hazardous  to  hi ghways--the  Mendon  debris  flow  (U.S. 
Route  4),  Sharon  earth  flow  (VT.  Route  14),  and  the  Castleton  slump  (VT.  Route 
4A) .  All  these  slope  movements  blocked  the  highways  indicated  at  least  once. 
Where  it  crosses  the  Castleton  slump  block.  Route  4A  is  an  intimate  part  of  the 
slide  mass;  its  pavement  is  being  disrupted  and  moved  laterally  by  the 
slumping. 
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APPALACHIAN  PLATEAU  LANDSLIDE  RISK.  Richard  L.  Bernknopf*  &  Russell  H. 
Campbell* ,  U.S.  Geological  Survey,  922  National  Center,  Reston,  VA,  22092. 
Enormous  historic  losses  demonstrate  the  economic  importance  of  landslide 
damage  in  the  United  States.  Historic  losses,  however,  offer  inadequate  bases 
for  estimating  future  losses  (that  is,  "expected  losses")  for  use  in  economic 
evaluations.  Similarly,  maps  that  show  only  qualitative  zonation  of  landslide 
potential  (for  example,  "high,"  "medium,"  and  "low")  are  not  applicable  to 
economic  evaluations  of  proposed  land  use  policies.  Estimating  potential 
losses  to  properties  in  small  tracts  of  land  requires  a  probabilistic 
expression  of  landslide  hazard  distribution.  The  systematic  calculation  of 
landslide  probability  from  regional  topographic  and  geologic  information  for 
the  Cincinnati  area  of  Ohio  was  done  by  statistical  methods.  The  probability 
estimates  were  then  used  to  determine  the  expected  values  for  a  number  of 
alternative  public  policy  scenarios.  The  results  suggest  that  a  policy  of 
landslide  mitigation  that  requires  the  indiscriminate  application  of  the  most 
commonly  used  model  grading  code  would  not  be  cost  effective.  Spatially 
selective  policies,  however,  could  yield  annualized  net  benefits  as  high  as 
$1.7  million.  Maps  are  a  convenient  way  to  show  the  distribution  of  landslide 
probability  estimates  calculated  by  this  systematic,  reproducible  procedure. 


A  TRAVERTINE  DEPOSIT  ON  THE  COASTAL  PLAIN  IN  ISLE  OF  WIGHT  COUNTY,  VA. 

Jennifer  L.  Burmester .  Dept,  of  Geol.,  College  of  William  and  Mary,  Wil¬ 
liamsburg,  Va.  23185.  Travertine  occurs  on  the  Coastal  Plain  of  Virginia 
near  Burwell  Bay,  Isle  of  Wight  County.  The  deposit  is  forming  in  a  fresh¬ 
water  stream  as  well  as  on  the  adjacent  bluffs  of  the  James  River.  Travertine 
is  a  secondary  calcium  carbonate  rock  which  precipitates  from  water  that  is 
supersaturated  with  respect  to  calcium  bicarbonate. 

Near  Burwell  Bay,  groundwater  passes  through  the  permeable  sand- rich 
Charles  City  Formation  (Lower  Pleistocene)  through  the  permeable  carbonate  - 
rich  Moore  House  Member  of  the  Yorktown  Formation  (Pliocene)  and  becomes  con¬ 
centrated  in  the  impermeable,  clay-rich  Morgarts  Beach  Member  of  the  Yorktown. 
When  the  water  emerges  from  seeps  and  springs,  changes  in  temperature,  pres¬ 
sure  and  carbon  dioxide  content  result  in  the  precipitation  of  travertine. 
A  variety  of  substrates  including  leaves,  roots,  algae  and  mosses  are 
encrusted  with  travertine.  Organic  material  associated  with  the  deposit  as 
well  as  the  deposltional  environment  infuences  the  morphology  of  the  rocks. 
The  morphological  varieties  of  travertine  which  have  been  defined  in  the  study 
area  are  dense,  porous,  columnar,  rippled  and  oncolitic. 


CASE  STUDY  OF  LAND  AND  STRUCTURE  DAMAGE  DUE  TO  UNDERGROUND  COAL  MINE 
SUBSIDENCE.  Gary  L.  Egan*,  Lynn  D.  Haynes*,  and  Anthony  S.  Scales*,  Va. 
Div.  of  Mined  Land  Reclamation,  P.  0.  Drawer  U,  Big  Stone  Gap,  Va.  24219. 
Total  mineral  extraction  in  the  Lower  Seaboard  coal  seam  from  "room-and- 
pillar"  mining  resulted  in  subsidence  damage  to  an  area  one-half  mile  in 
width  and  one  mile  in  length  in  Buchanan  County,  Virginia.  The  subsidence 
damage,  which  started  in  1981  with  the  most  recent  damage  occurring  in  March 
1987,  included  tension  induced  ground  cracks,  deformation  of  various 
structures,  and  well  and  spring  water  diminution.  Most  damage  occurred 
within  a  few  months  after  pillars  had  been  pulled  at  a  depth  of  380  to  630 
feet  below  the  ridgetop.  Abandoned  works  in  the  Upper  Seaboard  coal  seam, 
which  are  located  190  feet  above  the  Lower  Seaboard  coal  seam,  influenced 
the  location  of  cracking  in  areas  where  pillars  were  removed  beneath  the  old 
works.  Due  to  the  damage,  the  mining  plans  for  the  active  underground  mine 
were  revised  to  insure  protection  of  structures  overlying  future  mining 
areas. 
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NATIONAL  GEOCHEMICAL  ENVIRONMNETAL  ASSESSMENT  PROGRAM  —  A  PROPOSED  USGS 
INITIATIVE.  L.  H.  FILIPEK,  USGS,  913  Nat.  Ctr.,  Reston,  VA  22092.  Our  Nation's 
geochemical  environment  pervasively  affects  our  quality  of  life.  This  impact 
has  become  one  of  our  highest  priority  national  concerns  due  to  such  recent 
major  hazards  as  radon  gas  leakage  into  houses  and  high  selenium  concentra¬ 
tions  in  irrigation  waters.  The  proposed  program  will  deal  with  these  dangers 
on  an  urgent  basis,  but  will  also  address  other  potential  hazards  and  espe¬ 
cially  bring  to  bear  research  of  underlying  broader,  longer-range  aims:  In 
order  to  protect  the  quality  of  our  environment,  we  need  both  information  on 
present  environmnetal  quality  and  also  and  understanding  of  the  natural  condi¬ 
tions  and  human  activities  which  affect  that  quality.  We  propose  a  program  to 
collect  both  descriptive  and  process-oriented  information  on  the  solid  Earth 
components  to  compliment  the  USGS's  National  Water  Quality  Assessment  program. 
Priorities  for  topic  and  site  selection  will  be  based  on  present  knowledge  of 
potential  natural  contamination  hazards  and  on  the  perceived  need  for  a  rapid 
response.  This  program  will  result  in  relatively  rapid  scientific  surveys, 
reports,  and  assessment  maps  of  immediate  hazards  like  radon,  but  also  will 
bring  together  a  national  environmental  geochemistry  data  base  and  new 
understanding  of  the  weathering  processes  that  affect  toxic  elements. 

SUBSIDENCE  DAMAGE  INVESTIGATIONS  IN  THE  SOUTHWESTERN  VIRGINIA  COALFIELDS. 
Lynn  D.  Haynes*,  Gary  L.  Egan*,  and  Anthony  S.  Scales*,  Va.  Div.  of  Mined 
Land  Reclamation,  P.  0.  Drawer  U,  Big  Stone  Gap,  Va.  24219.  Public  Law 
95-87,  the  "Surface  Mining  Control  and  Reclamation  Act  of  1977",  requires 
underground  mine  operations  to  establish  subsidence  control  plans  and  in  the 
event  of  subsidence  related  damage  to  repair  and/or  compensate  for  the 
damage.  The  Commonwealth  of  Virginia  was  granted  primacy  over  subsidence 
control  effective  December  15,  1981.  Since  that  time,  the  regulatory  agency 
has  conducted  investigations  of  over  150  subsidence  complaints.  Of  these, 
most  were  determined  to  be  subsidence  related  problems,  due  both  to  pillar 
removal  in  room-and-pillar  operations  and  to  mining  in  longwall  operations. 

As  a  result  of  these  complaint  investigations,  the  agency  is  requiring  more 
detailed  mining  plans  to  show  operations  will  either  prevent  subsidence  from 
causing  material  damage  to  the  surface  lands  and  structures  or  will  allow 
planned  subsidence  to  occur  in  a  predictable  and  controlled  manner. 


OUTCROP  DERIVED  GAMMA-RAY  STRATIGRAPHY  ON  THE  PINE  MOUNTAIN  AND  THE  HUNTER 
VALLEY  THRUST  SHEETS,  VA.  William  S.  Henika  Va  Division  of  Mineral  Resources, 
Blacksburg,  Va  24060.  Outcrop  derived  gamma-ray  logs  have  been  used  successfully 
by  DMR  geologists  working  on  the  GEOHY  project  in  SW  Va .  The  technique  has 
proved  to  be  a  powerful  tool  for  mapping  and  correlating  surface  to  subsurface 
stratigraphy.  It  is  also  effective  in  teaching  the  local  stratigraphic  sequence 
to  new  staff  members.  Representative  outcrop  sections  are  described  and 
measured  at  five  foot  increments,  using  hand-held  exploration  scintillation 
counters.  Natural  gamma  radiation  measurements  are  integrated  with  lithology 
discriptions  on  one  inch  to  fifty  feet  strip  logs.  This  scale  provides  enough 
detail  to  delineate  subtle  lithology  changes  that  are  necessary  for  control  of 
mapping  units  as  well  as  interpretation  of  environments  of  deposition.  Examples 
jrom  the  East  Stone  Gap  geologic  map  show  how  the  technique  has  been  useful  in 
unravelling  complex  coal  field  stratigraphy  and  in  recognizing  meaningful 
sequences  in  Cambro-Ordovic ian  carbonate  rocks.  Outcrop  sections  of  clastic 
rocks  need  not  be  totally  exposed  for  effective  logging.  Carbonate  rocks  require 
fresh  rock  to  obtain  accurate  gamma  measurements  because  of  the  sensitivity  of 
the  instruments  to  secondary  clay  minerals  developed  during  weathering  and  soil 
accumulation.  (Supported  by  OSM  grant  to  DMME  GEOHY  nroiect.) 
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LANDSLIDES  IN  CLIFTON  FORGE,  VA  -  APRIL  15-17,  1987.  William  S.  Ilenika  Virginia 
Division  of  Mineral  Resources,  Blacksburg,  VA.  24060.  Two  active  rotational 
slumps  formed  in  colluvial  deposits  along  Smith  Creek  in  Clifton  Forge,  Virginia 
during  heavy  rains  on  April  15-17,  1987.  A  slump  on  Vulcan  St.  between  Jefferson 
Ave.  and  Clifton  Forge  High  School,  transcribed  a  horizontal  arc  aoproximately 
75  yards  in  diameter.  Scarps  of  three  to  four  feet  occurred  at  the  head  of  the 
slide  and  a  mudflow  near  the  toe  of  the  slide  carried  debris  across  Vulcan  St., 
into  contact  with  the  front  of  a  house  built  above  Smith  Creek.  Subsidiary 
collapse  of  fill  at  the  rear  of  the  structure  into  the  creek  bed  some  20  feet 
below,  undermined  a  portion  of  the  foundation.  A  rotational  slump  of  similar 
dimension  occurred  behind  a  house  on  Lowell  St.,  approximately  1000  feet  north¬ 
west  of  the  Vulcan  St.  slide.  The  structure,  located  at  the  toe  of  the  slide, 
was  carried  off  its  foundation.  A  field  investigation  has  documented  a  land¬ 
slide  prone  area  approximately  2000  feet  long  on  the  northwest  side  of  Smith 
Creek  where  at  least  four  slides  have  damaged  structures  built  on  colluvial  fill 
above  the  flood  plain  and  beneath  steep  slopes  developed  on  the  Devonian 
Millboro  Shale.  All  the  slides  were  confined  to  the  colluvial  material.  These 
failures  appear  to  have  originated  after  periods  of  heavy  rainfall  along  detach¬ 
ment  surfaces  at  the  contact  between  impermeable  shale  and  colluvium. 


APPALACHIAN  LANDSLIDE  HAZARDS:  LANDSLIDES  TRIGGERED  BY  THE  STORM  OF  NOV.  1-6, 
1985,  IN  PENDLETON,  COUNTY,  W.  VA. ,  AND  HIGHLAND  COUNTY,  VA.  R.  B.  Jacobson*, 
J.  P.  McGeehin*,  and  E.  D.  Cron*,  U.S.  Geological  Survey,  Mailstop  926, 

Reston,  VA  22092.  Rainfall  in  early  Nov.  1985  triggered  extensive  landsliding 
in  rocks  of  the  Wills  Mountain  anticline  in  W.  Va.  and  Va.  Residuum  and 
colluvium  associated  with  shaly  rocks  of  the  Reedsville  (Martinsburg) 

Formation  were  most  susceptible  to  failure,  especially  in  areas  receiving 
greater  than  190  mm  of  rain  over  2  days;  many  slips  and  slip-flows  delivered 
sediment  directly  to  streams,  perhaps  augmenting  downstream  flood  damage. 
However,  where  covered  by  debris-flow  colluvium  of  presumed  late  Pleistocene 
age,  Reedsville  slopes  were  extremely  stable.  Residuum  and  colluvium  of 
carbonate  rocks  (Trenton  Group,  Black  River  Group,  New  Market  Limestone), 
interbedded  mudstone  and  sandstone  (Oswego  Sandstone,  Juniata  Formation),  and 
sandstone  (Tuscarora  Sandstone)  were  much  more  stable,  although  several  large 
debris  avalances  were  triggered  in  the  Juniata  and  Tuscarora  in  areas  affected 
by  greater  than  230  mm  over  2  days.  Preliminary  data  analysis  shows  that 
spatial  density  of  failures  is  strongly  correlated  with  rainfall  intensity, 
subject  to  constraints  of  bedrock  and  surficial  geology.  On  a  larger  scale, 
failure  location  is  strongly  influenced  by  land  cover  and  topography. 


THE  GEOLOGY  OF  COAL  MINE  ROOF  FALLS  IN  SOUTHWESTERN  VIRGINIA.  R^_  Milici 
&  T.  M.  Gathright  II,  Va.  Div.  Mineral  Resources,  Charlottesville,  Va.  22903. 

Coal  mine  roof  falls  cause  a  significant  number  of  accidents  in  Virginia  coal 
mines  annually.  In  general,  geologic  discontinuities  within  coal  mine  roofs 
are  few  and  conventional  roof  control  methods  suffice.  Where  geologic  dis¬ 
continuities  are  large  or  numerous,  the  roof  may  be  greatly  weakened.  Geologic 
discontinuities  are  generally  of  structural,  stratigraphic,  or  depositional 
origin.  Structural  discontinuities  include:  faults  and  folds,  abundant 
fractures  and  slickensides .  Stratigraphic/depositional  discontinuities  include: 
boundaries  of  sandstone-filled  channels,  thinly  interbedded  sandstone  and 
argillites,  rider  coals  thinly-bedded  cross  beds,  plant  fossils,  ironstone 
kettles,  and  combinations  thereof. 
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CARBONATE  CONCRETIONS  IN  DEVONIAN  SHALE  AT  EAGLE  ROCK  AND  PIG  RUN,  BOTETOURT 
AND  BATH  COUNTIES,  VIRGINIA.  Thomas  G ,  Noble .  Department  of  Geology,  College 
of  William  and  Mary,  Williamsburg,  VA  23185.  Carbonate  concretions  occur  in 
the  Devonian  Millboro  Shale  in  western  Virginia.  Two  outcrops  were  studied: 
Eagle  Rock  in  Botetourt  County  and  Pig  Run  in  Bath  County.  Concretions  from 
these  outcrops  occur  in  horizons  and  are  more  resistant  to  erosion  than  the 
surrounding  shale.  They  are  discoidal  in  shape  and  are  as  much  as  one  meter 
in  length.  External  mineral  growth  and  septarian  structures  were  observed  in 
some  of  the  concretions.  X-ray  analyses  of  two  samples  showed  calcite, 
dolomite,  and  quartz  as  the  main  mineral  constituents.  Thin  section  analyses 
showed  the  depositional  textures  of  the  concretions  to  range  from  mudstone  to 
packstone.  The  fauna  consists  primarily  of  styliolinids  and  trilobite  frag¬ 
ments.  The  presence  of  pyrite  and  organic  material  is  evident  in  the  thin 
sections.  Bioturbation  was  not  observed.  The  observations  are  consistent 
with  the  interpretation  that  the  Millboro  Shale  was  deposited  in  an  anaerobic 
marine  basin. 


COAL  PRODUCTION  IN  SOUTHWESTERN  VIRGINIA— -1980-1985 .  Jack  E.  Nolde,  Virginia 
Division  of  Mineral  Resources,  P.0.  Box  144,  Abingdon,  Virginia  24210. 

During  the  period  of  1980-1985,  Virginia  mines  produced  242.8  million  short 
tons  of  coal.  This  represented  about  5%  of  the  total  coal  production  in  the 
United  States.  Among  the  counties,  Buchanan  continued  to  rank  first  in  coal 
production.  Coal  mines  in  Buchanan  produced  94.8  million  tons.  Wise  ranked 
second  with  77.6  million  tons,  followed  by  Dickenson  with  39.7  million  tons, 
Tazewell  with  12.6  million  tons,  Lee  with  9.8  million  tons,  Russell  with  8.1 
million  tons,  and  Scott  with  0.2  million  tons. 

Mines  located  in  the  Wise  Formation  produced  105.9  million  tons,  the  Norton 
Formation  106.5  million  tons,  Lee  Formation  with  10.5  million  tons,  and  the 
Pocahontas  Formation  with  19.9  million  tons.  The  principal  mined  coal  beds  in 
the  Wise  Formation  were  the  Clintwood,  Blair,  and  Dorchester,  in  the  Norton 
Formation,  the  Kennedy  and  Jawbone,  Lee  Formation  the  Lower  Seaboard,  and  the 
Pocahontas  Formation  the  Pocahontas  No.  3. 

During  1980-1985,  truck  mines  produced  129.5  million  tons,  followed  by  tippl 
mines  with  65.8  million  tons,  contour  surface  mines  with  45.1  million  tons,  an 
auger  mines  with  2.4  million  tons. 


URBAN  GEOLOGY  OF  ALEXANDRIA , VIRGINIA .  James  V.  O'Connor  Dept,  of 
Env .  Sci., Suite  4404, P.O.Box  96446,  Washington, D. C. ,  20008. 

The  original  rectangular  pattern  of  Alexandria  on  the  lower  Q 
terraces  has  grown  and  changed  with  development.  Over  200  years  of 
available  detailed  maps  document  land  use  history,  and  altered 
landforms  or  boundaries.  The  relationship  of  the  people  to  the 
land  lies  in  the  cobblestones,  canal,  cemetaries,  bricks,  forts, 
pottery,  place  names,  and  artifacts  uncovered  by  the  city's 
archeology  program,  especially  from  cisterns  or  high-rise  ex¬ 
cavations.  Coastal  Plain  scarps  and  terraces  control  transportation 
corridors,  resource  sites,  and  geologic  hazards.  While  Cameron  and 
Four  Mile  Runs  are  now  channelized  for  flood  control,  the  tidal 
and  fluvial  floods  of  the  Potomac  River  still  harass  the  revital¬ 
ized  waterfront.  George  Washington's  "Bellehaven"  is  still  a 
thriving  industrial  seaport  with  a  rich  geological  legacy. 

A  geological  fieldguide  is  in  preparation  and  the  guidebook 
is  designed  to  share  Alexandria's  foundation  and  geologic 
history  with  the  public. 
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GROUND  WATER  CONSIDERATIONS  IN  THE  COAL  FIELDS  OF  SOUTHWEST  VIRGINIA— 
EVOLUTION  OF  THINKING  AND  SOME  CASE  STUDIES.  Anthony  S.  Scales*,  Lynn  D. 
Haynes*,  and  Gary  L.  Egan*,  Va.  Div.  of  Mined  Land  Reclamation,  P.  0. 

Drawer  U,  Big  Stone  Gap,  Va.  24219.  The  Surface  Mining  Control  and 
Reclamation  Act  of  1977  requires  that  surface  coal  mining  operations  be 
designed  and  conducted  so  as  to  minimize  the  impact  to  surface  and 
groundwater  systems.  Virginia's  enforcement  of  the  Act  through  its  state 
counterpart  required:  1)  definition  of  the  nature  of  the  groundwater  system 
in  the  coal  mining  areas,  2)  design  of  appropriate  monitoring  programs  to 
assess  environmental  impacts  and  3)  a  method  for  the  reconciliation  of 
citizen  complaints.  The  dominant  groundwater  system  is  fracture-flow,  with 
coal  seams  serving  as  both  holding  and  transmitting  mediums.  Coal  mining 
permits  are  required  to  implement  either  source  monitoring,  where  acid-  or 
toxic-producing  materials  will  be  isolated,  and/or  representative 
monitoring,  close  to  the  initial  disturbance  where  usable  or  significant 
groundwaters  may  be  impacted.  The  Division's  complaint  investigation 
program  assesses  the  loss,  diminution  and  degradation  of  individual  water 
supplies  with  consideration  of  the  impact  to  the  hydrologic  balance. 


GIANT  APPALACHIAN  LANDSLIDES — AN  ONGOING  PROCESS?  Arthur  P.  Schultz  and 
C.  Scott  Southworth,  USGS,  National  Center,  MS  955,  Reston,  VA  22092.  Giant 
rock-block  slides  and  rock  slumps  on  dip  slopes  in  the  Appalachian  Valley 
and  Ridge  province  of  southwestern  Virginia  are  the  largest  landslides 
known  in  eastern  North  America.  The  sizes  range  from  individual  failures 
involving  5000  m^  of  rock  to  slide  complexes  containing  at  least  1  billion  m^ 
of  rock.  The  geomorphic  expressions  range  from  sharply  defined  features  show¬ 
ing  minor  downslope  transport  to  eroded  remnants  of  large  slide  sheets  on 
lower  slopes.  This  suggests  that  the  ages  of  the  slides  vary  over  extended 
periods  of  time.  Although  no  evidence  of  recent  movement  has  been  found, 
some  features  may  be  unstable.  The  present  distribution  of  giant  rockslides 
and  drainages  suggests  that  undercutting  was  not  a  mechanism  that  contributed 
to  initial  slope  instabilities.  Seismicity  may  have  contributed  to  slope 
failure,  and  slides  have  been  found  in  and  near  a  presently  active  low-level 
seismic  zone.  Although  climatic  conditions  during  the  Pleistocene  and 
earliest  Holocene  may  have  been  more  favorable  to  initiate  slope  failure 
than  at  the  present,  the  likelihood  that  future  slope  failures  of  this 
size  will  occur  has  not  been  determined. 


EXPANSIVE  EFFECTS  OF  REACTIVE  AGGREGATES  IN  CONCRETE.  W.  £.  Sherwood,  Dept,  of 
Geol.,  James  Madison  Univ.,  Harrisonburg,  Va.  22807,  &  H.  H.  Newlon*,  VA  Highway 
&  Transportation  Research  Council,  Charlottesville,  Va.  22903.  During  the  early 
1960's  the  VA  Highway  &  Transportation  Research  Council  began  an  intensive  study 
of  the  affects  of  alkali-reactive  crabonate  aggregates  on  concrete.  Over  700 
concrete  beams  were  fabricated  using  aggregates  from  22  Va.  sources  and  cements 
with  total  alkali,  as  Na^O  equivalent,  ranging  from  0.19%  to  0.95%.  Beams  were 
stored  in  a  moisture  room  at  100%  relative  humidity.  At  20  years,  concrete  ex¬ 
pansions  ranged  from  less  than  0.01%  to  0.397%  with  the  most  expansive  concretes 
exhibiting  significant  cracking  and  other  evidence  of  distress.  Expansion 
strongly  correlated  with  alkali  content  and  rock  type.  The  most  reactive  rocks 
were  found  to  be  those  with  near  equal  amounts  of  calcite  and  dolomite  in  the 
carbonate  fraction.  Based  on  study  results  a  limit  of  0.06%  expansion  was  recom¬ 
mended.  The  two  most  reactive  aggregates  involved  in  the  study  produced  concrete 
expansions  of  0.204%  and  0.397%  when  utilized  with  high  alkali  cement.  These 
aggregates  were  produced  from  quarries  mining  upper  Beckmantown  and  Lowville  Fms. 
respectively.  A  prism  test  and  a  petrographic  procedure  have  been  developed  to 
screen  highly  reactive  alkali  carbonate  aggregates  in  order  to  eliminate  their 
use  in  concrete  in  Virginia. 
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GROUND  WATER ‘CONTAMINATION  FROM  LEAKING  PETROLEUM  STORAGE  FACILITIES  ON  THE 
VIRGINIA  COASTAL  PLAIN.  Eugene  A.  Siudyla,  Va.  State  Water  Control  Board, 
Virginia  Beach,  Va.  23462.  Ground  water  contamination  from  leaking  petroleum 
storage  facilities  is  a  major  concern  on  the  Virginia  Coastal  Plain  due  to  a 
high  water  table  and  permeable  surficial  soils.  Fortunately,  contamination  at 
each  site  is  localized  in  areal  extent  and  has  only  affected  the  shallow  water 
table  aquifer.  Contamination  incidents  commonly  impact  utilities,  surface 
waters,  and  shallow  wells.  The  first  step  in  investigating  subsurface 
petroleum  spills  involves  delineating  the  areal  and  vertical  extent  of  free 
petroleum  product  floating  on  the  water  table.  Recovery  of  petroleum  product 
is  accomplished  by  pumping  carefully  designed  recovery  wells  or  trenches. 
Future  efforts  in  respect  to  petroleum  contamination  should  focus  on 
prevention  of  spills  by  increased  monitoring  of  storage  facilities,  discovery 
and  cleanup  of  existing  spills,  and  protection  of  the  deeper  water  supply 
aquifers  from  petroleum  contamination. 


APPLICATION  OF  AN  INTEGRATED  GEOLOGY/HYDROLOGY  DATA  SYSTEM  TO  MINING  AND 
LAND  RECLAMATION  IN  THE  SOUTHWEST  VIRGINIA  COALFIELDS.  Conrad  T.  Spangler*, 
Va.  Div.  of  Mined  Land  Reclamation,  Big  Stone  Gap,  Va.  24219,  and  Jan  P. 
Zentmeyer*,  Va.  Div.  of  Mineral  Resources,  Big  Stone  Gap,  Va.  24219. 
Establishment  of  geologic  and  hydrologic  data  bases  and  mapping  programs  is 
aimed  at  improving  mine  planning,  land  reclamation  and  development.  The 
building  of  the  data  system  is  a  cooperative  effort  of  several  state  and 
federal  agencies  and  private  interest  groups.  The  system  contains  a 
significant  amount  of  information  collected  from  a  variety  of  sources.  The 
historical  data  are  used  in  conjunction  with  field  mapping  of  mineral 
resources  and  the  results  of  groundwater  studies  across  the  region.  Located 
in  the  coalfields  of  Southwest  Virginia,  the  system  enables  geologic  and 
hydrologic  information  from  many  sources  to  be  applied  to  regional  problems. 
Mass  storage  of  data  and  high  quality  graphic  displays  are  possible. 


STABILITY  ANALYSES  OF  SUSPECTED  ANCIENT  GIANT  LANDSLIDES  IN 
THE  GILES  COUNTY  SEISMIC  ZONE.  Chester  F.  Watts*  and  James  Marlowe, 
II*,  Department  of  Geology,  Radford  University,  Radford,  Va.  24142. 
Suspected  ancient  landslides  have  been  identified  by  A.P.  Schultz  on 
Sinking  Creek  Mountain  in  southwestern  Virginia.  Mathematical 
reconstruction  of  the  slope  permitted  a  preliminary  stability  analysis  to 
be  conducted  utilizing  standard  limiting  equilibrium  theory.  Friction  and 
cohesion  values  for  the  sliding  surfaces  in  the  model  were  selected  from 
values  published  for  similar  rock  types.  This  preliminary  study  tends  to 
indicate  that  the  features  are  landslides  and  that  sliding  would  have 
occurred  even  without  the  seismic  activity  of  the  area.  A  more  detailed 
analysis  will  be  possible  after  laboratory  testing  provides  actual  friction 
and  cohesion  values  for  the  suspected  sliding  surfaces,  and  after  the 
model  is  refined  to  include  recent  fracture  analyses  of  the  Keefer 
Formation  at  the  toe  of  the  failure. 


RECORRELATION  OF  THE  GLADEVILLE  SANDSTONE  IN  WISE  COUNTY,  VIRGINIA— A 
PRELIMINARY  REPORT.  William  W.  Whitlock*,  Va .  Div.  of  Mineral  Resources, 

P.  0.  Box  144,  Abingdon,  Va.  24210. 

Pennsylvanian  age  Norton  and  Wise  Formations  are  the  main  coal-bearing 
units  in  southwest  Virginia.  The  massive,  quartzose  Gladeville  Sandstone 
marks  the  boundary  between  the  Norton  Formation  below  and  Wise  Formation 
above.  Recent  detailed  mapping  and  subsurface  studies  indicate  that  in 
northeastern  Wise  County,  the  Gladeville  Sandstone  (0-65  ft.  thick)  pinches 
out  along  an  east-west  trend.  North  of  the  pinch-out,  a  40-80  ft.  thick 
sandstone  has  been  miscorrelated  with  the  Gladeville  (Eby,  1923).  That 
sandstone  is  stratigraphically  60-100  ft.  lower  than  the  Gladeville  Sand¬ 
stone  and  0-40  feet  below  the  Norton  coal. 

Coals  in  the  area  are  identified  on  the  basis  of  their  stratigraphic 
relation  to  the  Gladeville  Sandstone.  Miscorrelation  of  the  Gladeville 
north  of  the  pinch-out  has  resulted  in  miscorrelation  of  coals  in  the 
upper  Norton  and  lower  Wise  Formations. 
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AN  OCCURRENCE  OF  CLASTIC  DIKES,  DICKENSON  COUNTY,  VIRGINIA.  Gerald  P.  Wilkes, 

Va.  Div.  of  Mineral  Resources,  Charlottesville,  Va.,  22903.  Several  clastic 
dikes  occur  at  Bearpen  Gap,  between  Big  Ridge  and  Caney  Ridge,  Dickenson  County, 
Virginia.  The  dikes  are  exposed  in  a  roadcut  of  U.S.  Route  83  and  are  strati- 
graphically  between  the  Hagy  coal  and  the  Eagle  Shale  (Pennsylvanian,  upper 
Norton  Formation) .  The  dikes  are  concentrated  within  a  20  foot-thick  siltstone 
interval  which  is  bounded  above  and  below  by  massive  sandstones.  These 
sandstones  are  characterized  by  moderate  sorting  of  dominantly  medium-  to 
coarse-grained  subrounded  quartz.  The  siltstone  hosting  the  dikes  is  medium 
gray  and  well  laminated.  The  near-vertical  dikes  are  uniform  in  composition: 
moderate  sorting  of  very  fine  to  coarse  quartz  grains  that  are  subrounded.  Flute 
casts,  trending  parallel  to  the  siltstones'  bedding,  occur  on  the  sides  of  the 
sandstone  injections.  The  dikes  were  formed  by  pressure  exerted  on  the  under¬ 
lying  saturated  sand,  causing  resistance.  Movement  was  initially  upward  and 
finally  laterally  as  demonstrated  by  the  orientation  of  the  upturned  laminae 
at  the  siltstone/dike  contact  and  the  preserved  flute  casts. 


Materials  Science 


THE  INFLUENCE  OF  FLOW  ON  ALUM  AND  POTASSIUM  DIHYDROGEN  PHOSPHATE 
CRYSTALS  DOPED  FOR  LASING.  Patrick  G_.  Bar  b  e  r  and  Dawn  Adams 
Vaughan*,  Dept,  of  Natural  Sciences,  Longwood  College,  Farmville, 
VA  23901  and  Charles  E.  Byvik*,  NASA  Langley  Research  Center, 
Hampton,  VA  23665. 
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MICROSTRUCTURAL  CHARACTERIZATION  OF  MECHANICALLY  ALLOYED  ALUMINUM  POWDERS.  J.  K. 
Briqqs*,  S.  D.  Hollo,  and  J.  A.  Hawk,  Dept.  Materials  Science,  Univ.  of  Va., 
Charlottesville,  VA  22901.  A  series  of  mechanically  alloyed  (MA)  aluminum 
powder  alloys  were  examined  in  the  scanning  electron  microscope  in  order  to 
characterize  their  morphological  features.  For  comparative  purposes  represen¬ 
tative  micrographs  of  aluminum  powder  and  gas-atomized  aluminum  powder  alloys 
will  be  presented.  Another  aspect  of  the  mi crostructural  investigation  utilizes 
the  Tracor  Northern  TN  5500  and  Image  Acquisition  and  Processing  Program  (IPP) 
to  perform  particle  size  analyses  and  chemical  composition  determinations  for 
the  various  powder  samples.  Problems  associated  with  the  use  of  the  IPP  program 
will  be  emphasized  and  ways  of  compensating  for  these  difficulties  will  be  dis¬ 
cussed. 
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THE  FRACTURE  SURFACE  AS  AN  INDICATOR  FOR  STRAIN  RATE  EFFECTS.  J.  Daniel 
Bryant  and  H.  G.  F.  Wilsdorf,  Department  of  Materials  Science,  University 
of  Virginia,  Charlottesville,  VA  22901.  The  effect  of  increasing  strain 
rate  on  the  mechanical  behavior  of  the  meta-stable  beta  titanium  alloy 
Ti-10V-2Fe-3Al  has  been  investigated.  Results  from  tensile  testing 
performed  over  a  range  of  strain  rates  from  10  3l/s  to  10 3  l/s  have  been 
obtained.  In  addition,  fracture  toughness  testing,  using  compact  tension 
specimens,  was  performed  over  a  comparable  range  of  loading  rate 
parameters.  St iking  differences  in  fracture  surface  appearance  in 
specimens  subjected  to  different  strain  rates  have  been  noted.  In  order  to 
quantify  the  changes  in  fracture  surface  topography,  a  recently  developed 
fractographic  mapping  apparatus  was  employed.  Using  this  device,  the 
decrease  in  fracture  surface  roughness  observed  optically  and  under  the 
scanning  electron  microscope  could  be  measured  quantitatively.  Possible 
mechanistic  explanations  for  this  phenomenon  are  discussed.  (Research 
sponsored  by  the  Office  of  Naval  Research) 


EVALUATION  OF  FABRICATION  TECHNIQUES  FOR  ALUMINUM  BASED 
DISCONTINUOUS  FIBER  REINFORCED  COMPOSITES  BY  MONOTONIC 
PROPERTIES.  Rudolph  G.  Buchheit,  Dept,  of  Mat.  Sci.,  Univ.  of 
Virginia,  Charlottesville,  Va. ,  22901. 

The  stress-strain  response  and  fractographic  analysis  have  both 
been  used  to  evaluate  the  effect  of  various  fabrication  techniaues 
associated  with  stircasting  fabrication  processes  forAl  based 
discontinuous  fiber  reinforced  composites  (DFRCs) .  Second  phase 
particle  segregation,  fiber  reinforcement  distribution  in,  and 
bonding  to  the  matrix  are  all  dependent  on  fabrication  techniques. 
These  factors  strongly  influence  the  fracture  strength  of  DFRCs . 
Results  from  this  study  will  be  compared  to  results  obtained  from 
DFRCs  fabricated  using  more  sophisticated  processing  techniaues 
like  liquid  metal  infiltration  of  fiber  preforms  and  pressure 
casting,  (supported  by  The  Virginia  Center  for  Innovative 
Technology) 


ELECTRIC  FIELD  DEPENDENCE  OF  NUCLEATION  BARRIERS  IN  FERROELECTRIC  POLYVINYL- 
IDENE  FLORIDE.  K.  W.  Campbell*,  C.D.  Ross*,  and  R.  E.  Barker,  Jr.,  Dept,  of 
Materials  Science,  Univ.  of  Virginia,  Charlottesville,  VA  22901.  —  A  model 
based  on  statistical-thermodynamical  considerations  has  been  developed  to 
describe  the  phenomenon  of  the  nucleation  and  growth  of  domains  of  reoriented 
dipoles  when  the  strength  or  direction  of  the  applied  electric  field  is 
changed.  An  attempt  has  been  made  to  introduce  and  evaluate  an  effective 
interfacial  energy  barrier,  for  the  nucleation  process,  which  is  consistent 
with  a  six  state  dipole  orientational  potential  energy  versus  angle  curve. 
Also,  an  effective  or  local  electric  field  which  influences  the  nucleation  of 
reoriented  domains  and  is  different  from  the  macroscopic  applied  field  is 
investigated . 


ELECTROCHEMICAL  OXIDATION  OF  CARBON  MONOXIDE  Barbara  Carney*  Dept.  Materials 
Science,  Thornton  Hall,  Univ.  of  Va. ,  Charlottesville,  Va. ,  22901.  Continuous 
exposure  to  ambient  air  containing  10  parts  per  million  carbon  monoxide  is 
sufficient  to  produce  effects  on  the  nervous  system.  One  method  of  detecting  CO 
quickly  and  at  low  concentrations  is  an  electrochemical  sensor.  Oxidation  of  CO 
to  CO2  produces  a  current  proportional  to  the  amount  of  CO  being  oxidized.  In 
order  for  the  gaseous  CO  molecules  to  quickly  reach  an  electrochemically  active 
area  (electrolyte  covered  electrode)  a  porous  electrode  is  neccessary.  These 
are  fuel  cell  type  electrodes,  with  gas  entering  one  side  and  electrolyte  on  the 
other  side.  Three  phases,  gas,  liquid,  and  solid,  coexist  within  the  electrode 
structure.  The  active  electrode  metal  is  platinum.  Cyclic  voltammetry,  the 
current  response  to  a  linearly  changing  potential,  can  be  used  to  study  the 
electrochemical  properties  of  platinum.  Operation  and  failure  mechanisms  of 
carbon  monoxide  sensors  will  be  discussed. 
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MOSSBAUER  EFFECT  STUDY  OF  MARTENSITE  FORMATION  IN  TYPE  316  STAINLESS  STEEL. 
Desmond  C.  Cook,  Dept,  of  Physics,  Old  Dominion  Univ.,  Norfolk,  Va.  23508. 

The  Conversion  Electron  and  X-ray  Mossbauer  studies  of  the  surface  of  Type  316 
stainless  steel  at  400  K,  300  K,  and  100  K  show  that  both  the  substitutional 
and  interstitial  elements  perturb  the  cubic  symmetry  at  the  iron  site.  The 
single  peak  of  austenite  is  a  superposition  of  at  least  five  quadrupole  split 
doublets  whose  magnitudes  and  intensities  depend  on  the  type  and  concentration 
of  the  impurity  elements.  However,  when  the  surface  of  the  stainless  steel  is 
plastically  deformed,  a  layer  of  martensite  about  5000  SI  thick  is  formed  on 
the  austenite  base.  This  layer  consists  of  a  mixture  of  31  pet  martensite 
with  the  rest  being  the  original  austenite.  The  magnetic  environment  of  the 
iron  in  this  martensite  is  controlled  by  the  concentration  of  alloying  ele¬ 
ments,  and  the  distribution  of  the  hyperfine  fields  is  determined  by  the  num¬ 
ber  of  nearest  and  next  nearest  neighbor  impurity  atoms.  The  magnetic  field 
decreases  linearly  at  first  as  the  number  of  nearest  neighbors  increases  and 
then  follows  a  nonlinear  trend  for  a  number  of  nearest  neighbors.  The  tem¬ 
perature  dependence  of  the  sublattice  magnetization  is  different  for  each  num¬ 
ber  of  neighbors,  and  a  Curie  temperature  has  been  estimated  for  each  site. 


AN  ANALYTICAL  ELECTRON  MICROSCOPY  STUDY  OF  THE  THERMAL  OXIDATION  QF  Al-Li-Zr 
ALLOYS;  R.C.  Dickenson  and  K.R.  Lawless,  Department  of  Materials  Science, 
Thornton  Hall,  University  of  Virginia,  Charlottesville,  VA  22901.  —  The 
addition  of  l-5wt%  Li  to  A1  yields  an  alloy  of  increased  strength  and  stiffness 
and  decreased  density,  but  the  Li  content  also  renders  these  alloys  highly 
vulnerable  to  thermal  oxidation.  The  purpose  of  this  study  is  to  characterize 
the  thermal  oxidation  process,  particularly  sub-surface  processes,  in  several 
Al-Li-Zr  alloys,  and  this  will  be  accomplished  using  electron  optical  and  x-ray 
diffraction  techniques.  The  oxidation  of  a  typical  alloy  (Al-3wt%Li-0. 12%Zr)  in 
dry  air  at  400  C  for  8hr  produces  a  porous  unprotective  oxide  scale  consisting 
primarily  of  LiQH  and  y-LiAlC^ •  Smaller  quanties  of  /3-LigA10 .,  and  cubic 
LiAl-CL  are  also  observed.  The  metal  sub-surface  develops  a  lithium  depleted 
zone  wnich  extends  to  a  depth  of  0 . 25mm  (or  deeper  for  longer  oxidizing  times)  . 
Cross-section  TEM  samples  reveal  that  the  depleted  zone  contains  few  Li 
containing  precipitates  (8  and  8’),  but  other  phases  have  been  observed  and  are 
currently  under  study.  When  these  alloys  are  oxidized  in  the  presence  of  water 
vapor,  porosity  is  observed  in  the  metal  sub-surface,  and  the  mechanism  by  which 
this  porosity  is  formed  is  thought  to  be  hydrogen  aided. 


DEFORMATION  MICROSTRUCTURE  OF  GaAs  TRANSMISSION  PH0T0CATH0DES;  F.P.  Doty*  and 
W.  A.  Jesser,  Department  of  Materials  Science,  Thornton  Hall,  University  of 
Virginia,  Charlottesville,  VA  22901.  —  Photocathodes  used  for  image  intensi¬ 
fication  sometimes  contain  crystallographic  defects  which  form  during  a  high 
temperature  manufacturing  step.  These  defects,  which  impair  the  image  quality, 
are  apparently  caused  by  differential  thermal  strain  in  the  photocathode,  which 
is  a  layered  composite  of  glass  and  single  crystal  semiconductor.  Comparison 
of  the  resulting  microstructure  with  that  expected  from  slip  and  from  the  for¬ 
mation  of  microcracks  shows  that  the  defects  are  entirely  due  to  slip  in  the 
GaAs.  Further,  the  microstructure  at  the  semiconductor-glass  interface  indi¬ 
cates  that  the  glass  undergoes  viscous  flow  during  the  deformation  process. 

A  semiquantitative  model  for  the  thermal  stress  in  the  GaAs  was  developed,  to 
aid  in  choosing  material  and  process  parameters  to  avoid  formation  of  these 
defects.  Due  to  the  viscous  response  of  the  glass,  the  model  suggests  that 
there  exists  a  regime  of  heating  rates,  outside  of  which  the  yield  stress  in 
the  GaAs  will  not  be  reached. 
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A  TEM  STUDY  OF  0-PRECIPITATES  IN  AL-5w/oCU  ALLOY,  R.  E.  Franck*  and  J.  A.  Hawk, 
Dept.  Materials  Science,  Univ.  of  V a.,  Charlottesville,  VA  22901.  Trans¬ 
mission  electron  microscopy  (TEM)  techniques  have  been  used  to  study  the  inter¬ 
facial  structure  of  G-precipitates.  Unpublished  research  by  Hackney  and  Shiflet 
have  shown  that  both  misfit  correcting  dislocations  and  structural  ledges  are 
found  to  exist  in  the  interface  between  the  FCC  aluminum  matrix  and  the  complex 
BCT  CuAl?  (0)  precipitates.  Techniques  of  examining  the  aluminum  matri x/0-pre- 
ci pi tate  i nterface  will  be  discussed.  Future  efforts  will  focus  on  doping  the 
matrix  with  a  third  element  by  which  the  growth  of  the  ©-precipitate  can  be 
inhibited  or  stopped.  Additionally,  ledge  and  dislocation  density  versus  aging 
temperature  and  aging  time  will  be  investigated  in  the  undoped  aluminum/copper 
alloy  system. 


SAFETY  CONSIDERATIONS  IN  COMPUTERIZED  VAPOR  DEPOSITION,  *Wayne  K .  Gerdes, 
Information  Processing  Technology  Branch,  NASA  Langley  Research  Center, 
Hampton,  VA  23665.  A  brief  overview  will  be  given  of  the  hardware  and 
software  aspects  of  computerized  process  control.  The  need  for  positive 
feedback  in  systems  such  as  CVD  will  be  discussed,  along  with  the  necessary 
hardware  and  software  to  accomplish  this.  An  environment  consisting  of  one 
central  computer  and  a  number  of  semi -i ntel  1 i gent  controllers  is  assumed. 
The  use  and  pitfalls  of  interconnecting  such  a  system  via  RS  232  or  IEEE 
488  is  discussed.  The  use  of  battery  backup  systems,  interrupts,  watch  dog 
timers,  and  feedback  is  also  mentioned.  In  conclusion  the  bottom  up  method 
of  testing  will  be  described. 


DISPAL-A  TRANSMISSION  ELECTRON  MICROSCOPY  INVESTIGATION.  H,  A.  Henn*  and  J.  A. 
Hawk,  Dept.  Materials  Science,  Univ.  of  V a.,  Charlottesville,  VA  22901.  A 
transmission  electron  microscopy  (TEM)  study  was  initiated  to  study  the  effects 
of  prolonged  heat-treatment  on  the  mi crostructural  stability  of  DISPAL.  DISPAL, 
an  anacronym  for  dispersion  'strengthened  aluminum,  is  a  mechanically  alloyed 
(MA)  aluminum  base  alloy  containing  AUC^  and  ANO^  dispersoids.  DISPAL  ex¬ 
hibited  good  elevated  temperature  (>25u°C)  tensi T e  properti es .  However,  the 
alloy  experienced  a  loss  of  ductility  when  tested  at  these  temperatures  for 
all  strain  rates.  Examination  of  the  as-received  alloy  indicated  an  average 
grain  diameter  of  0.5pm  with  Al.C^  and  ANO^  particles  located  in  the  grain 
boundary  regions.  After  exposureJfor  up  to  i00  hours  at  510°C,  the  microstruc¬ 
ture  was  virtually  unchanged  with  no  noticeable  increase  in  grain  size.  Coars¬ 
ening  of  the  Al^Cj  particle  was  negligible  to  non-existent. 

COMPARISON  OF  DEFORMATION-MECHANISM  MAPPING  TECHNIQUES.  S.  D.  Hollo*  and  J.  A. 
Hawk,  Dept,  of  Materials  Science,  Univ.  of  V a.,  Charlottesville,  VA  22901. 

When  the  aoplied  shear  stress  of  a  polycrystalline  material  is  lower  than  the 
theoretical  shear  stress,  the  material  will  exhibit  gradual  plastic  flow  because 
of  the  occurrence  of  one  or  more  of  a  number  of  different  deformation  processes. 
Two  types  of  deformation-mechanism  maps  have  been  examined,  and  a  computer  pro¬ 
gram  has  been  developed  for  each  type.  Ashby  type  maps  plot  normalized  stress 
versus  homologous  temperature  for  a  specific  grain  size.  Langdon  maps  are  com¬ 
puted  for  normalized  grain  size  against  the  inverse  of  homologous  temperature 
for  a  specific  normalized  stress.  Langdon  maps  are  also  plotted  for  normalized 
grain  size  versus  normalized  stress  for  the  particular  temperature  of  interest. 
Maps  of  each  type  will  be  presented  emphasizing  the  strengths  and  limitations 
of  each  type  of  construction. 
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ELECTROCHEMICAL  VISUALIZATION  OF  FLUID  FLOW  IN  BRIDGMAN  CRYSTAL  GROWTH  FROM  LIQ¬ 
UID  METAL,  James  H.  Hurst,  NASA  Langley  Research  Center,  Hampton,  VA  23665.  An 
electrochemical  method  is  used  to  measure  mass  transfer  by  diffusion  and  con¬ 
vection  of  oxygen  as  a  tracer  element  in  liquid  tin.  This  method  is  used  to 
visualize  the  convective  flow  patterns  in  liquid  metal  in  a  cylindrical  ampoule 
in  an  axial  temperature  gradient,  similar  to  the  conditions  used  in  Bridgman 
crystal  growth.  The  measured  convection  is  compared  to  the  predictions  of  math¬ 
ematical  models.  The  electrochemical  flow  visualization  technique  can  be  ex¬ 
tended  to  lead  tin  telluride  and  other  compound  semiconductor  materials.  The 
technique  involves  the  solid  ceramic  electrolyte  material  yttria-stabi 1 ized  zir- 
conia  (YSZ)  which  is  incorporated  into  the  wall  of  an  ampoule  containing  liquid 
tin.  With  an  appropriate  reference  metal  and  its  oxide  (M,  Mm0)  the  electro¬ 
chemical  cell  M,  Mm0  /  YSZ  /  Sn  [0]  is  formed,  and  the  concentration  of  oxygen 
dissolved  in  the  tin  is  revealed  by  the  electrical  potential  of  the  cell  (E) 
through  the  relationship  E  =  (l/2F)[AGf°  (Mm0 )  -  RT  In  ag]  and  measured  values 
for  the  thermodynamic  activity  of  oxygen  in  tin  (ag)  as  a  function  of  concentra¬ 
tion.  The  electrochemical  cell  is  used  to  titrate  oxygen  into  the  liquid  and  by 
using  multiple  electrolytes,  one  as  a  titrator  and  others  as  detectors,  the 
movement  of  oxygen  through  the  liquid  metal  is  measured. 

DEVELOPMENT  AND  CHARACTERIZATION  OF  CAST  ALUMINUM-CERAMIC 
COMPOSITES,  Coleman  Jones,  John  McCoy,  F.E.  Wawner.  Dept  of 
Materials  Science,  Thornton  Hall,  University  of  Va.,  Charlottes¬ 
ville,  Va.  22903.  The  addition  of  ceramic  fiber,  flake,  or 
particle  reinforcement  to  a  metal  can  significantly  increase  its 
strength,  modulus,  and  wear  resistance.  Metal  matrix  composites 
are  presently  made  using  powder  metallurgy  processes;  the  use  of 
the  compocasting  technigue  should  appreciably  lower  the  costs  of 
these  systems.  Experiments  have  been  done  where  silicon  carbide 
whiskers,  flakes,  particles,  milled  alumina  fibers,  and  titanium 
diboride  flakes  were  added  to  a  vigorously  agitated  liquid-solid 
aluminum  alloy  slurry.  The  resulting  composites  were  then  cast. 
The  cast  microstructure  is  examined  and  tensile  and  wear  test 
data  are  presented.  Dendritic  segregation,  viscosity,  porosity, 
reinforcement  dispersion  and  wetting  are  also  discussed.  (Suppor¬ 
ted  by  General  Motors  and  the  Center  For  Inovative  Technology) . 


EXPERIMENTAL  STUDY  OF  UNSTEADY  CONVECTION  IN  LOW  PRANDTL  NUMBER  OF  LIOUIDS, 

Dave  J.  Knuteson*  and  Ranga  Narayanan,  Department  of  Chemical  Engineering, 
University  of  Florida,  Gainesville,  Florida  32611;  and  Archibald  L.  Fripp,  Jr., 
and  William  J.  Debnam,  Jr.,  NASA  Langley  Research  Center,  Hampton,  Virginia 
23665.  The  conditions  under  which  convection  in  melts  undergoes  the  transition 
from  steady  laminar  flow  to  time-dependent  flow  is  investigated.  The  systems 
studied  include  molten  tin  with  a  destabilizing  temperature  gradient  and  a 
pseudo-binary  semiconductor,  Pbj_xSnxTe,  with  either  a  destabilizing  temperature 
or  solutal  gradient.  The  ampoule  is  a  quartz  circular  cylinder  with  insulated 
side  walls  and  is  placed  in  a  3-zone  furnace  with  an  insulation  zone.  Charac¬ 
terization  of  this  transition  point  (Rac^  second  critical  Rayleigh  number)  is 
important  to  crystal  growers  because  it  has  been  shown  that  defects  and  striated 
growth  increase  dramatically  for  crystals  grown  from  a  melt  that  is  in  a  time- 
dependent  convection  regime.  Critical  Rayleigh  numbers  for  several  aspect 
ratios  will  be  presented. 


IN-SITU  TEM  STUDIES  OF  THE  OXIDATION  OF  NI  AL,  Kenneth  R.  Lawless,  Dept,  of 
Materials  Science,  University  of  Virginia,  Charlottesville ,  VA  22901. 

The  intermetallic  alloy  Ni  A1  with  additions  of  B  and  Hf  is  of  potential 
interest  as  a  high  temperature  structural  material.  The  oxidation  of  this 
alloy  has  been  studied  by  in-situ  HVEM  and  by  AEM  to  determine  the  development 
of  the  oxide,  the  phases  formed,  and  changes  which  take  place  in  the  matrix. 
Electr^ly tically  thinned  samples  were  oxidized  at  750°C  at  an  oxygen  pressure 
of  10  torr.  The  major  oxides  formed  were  NiO  and  Gamma  Al^O^.  These  formed 
epitaxially  with  slight  disorientation  of  the  A1  oxide.  Discussion  will  cover 
the  development  of  grain  boundary  oxide  and  the  generation  of  dislocations  in 
the  matrix  as  a  result  of  the  stresses  due  to  the  oxide  formation. 
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DESIGN  OF  A  ZONE  LEVELING  APPARATUS  FOR  THE  GROWTH  OF  SiGe  SEMICONDUCTOR 
MATERIALS.  Maureen  A.  Madey*,  F.D.  Rosi,  and  W.  A.  Jesser,  Dept,  of  Materials 
Science,  Univ.  of  Virginia,  Charlottesville,  VA  22901.  Zone-leveling  provides  a 
feasible  way  to  process  semiconductor  crystals  of  SiGe.  The  technique  of 
isothermal  solidification  is  conducted  in  a  manner  that  controls  the  uniform 
addition  of  desired  impurities  to  a  crystal,  thereby  producing  a  homogeneous 
material.  An  ingot  of  SiGe  moves  through  three  temperature  zones  while 
contained  in  a  carbon-coated,  boat-like,  quartz  crucible  sealed  into  a  quartz 
tube  through  which  Argon  flows.  The  temperature  of  each  zone  is  individually 
monitored  and  controlled  by  Pt-lORhPt  thermocouples.  The  temperature  profile 
data  of  the  three  zone  furnace,  monitored  by  a  thermocouple  on  the  boat,  is 
stored  on  the  computer.  The  tube  and  the  boat  remain  stationary  as  the  furnace 
moves  along  a  linear  track.  The  linear  motion  system  consists  of  four  ball 
bearing  pillow  blocks  attached  to  the  bottom  of  the  furnace,  allowing  it  to 
travel,  on  two  supported  steel  shafts.  The  translation  mechanism  is  driven  by  a 
threaded  rod  that  is  coupled  to  a  variable  speed  motor.  The  rotation  of  the 
rod  determines  the  rate  at  which  the  furnace  travels  and  provides  the  desirable 
speeds  from  about  . lym/sec  to  50  pm/sec.  The  homogeneity  of  the  alloy  highly 
depends  on  the  design  of  the  zone-leveling  apparatus. 


ELECTROCHEMICAL  MEASUREMENTS  FOR  THE  EVALUATION  OF  COMPOSITES  CONTAINING 
SIMULATED  IN-SERVICE  DAMAGE.  David  L.  Reichert*.  &  George  L.  Cahen*,  Materials 
Science  Dept.,  Univ.  of  Va .  ,  Charlottesville,  Va .  22901.  Graphite  fiber  and 
epoxy  composites  are  weakened  by  fiber  breakage,  matrix  cracking,  moisture 
uptake  and  fiber/matrix  debonding.  Composite  samples  with  and  without  simulated 
in-service  damage  were  fabricated  by  laying  up  and  curing  pre-preg  tape  in  a 
mold.  Fiber  breakage  was  simulated  by  cutting  the  fibers  before  laying  up  the 
tape  while  fiber/matrix  debonding  was  simulated  by  abrading  away  the  epoxy  from 
each  side  of  the  pre-preg  and  coating  it  with  release  agent  before  laying  it  up. 
The  samples  were  tested  in  an  electrochemical  cell  using  cyclic  voltammetry  and 
current  pulse  tests  to  determine  their  capacitance  and  resistance  values.  The 
samples  with  simulated  fiber  breakage  showed  80%  higher  capacitance  and  15% 
lower  resistance  values  than  the  undamaged  samples  while  the  samples  simulating 
debonding  showed  105%  higher  capacitance  and  20%  lower  resistance  values  than 
the  damage  free  samples.  (Supported  by  a  grant  from  the  Army  Research  Office) 


YbSi  :  A  NEARLY  LOCALIZED  HEAVY- FERMI  ON  ANTIFERROMAGNET .  Raouf  L. 
Selim,  Dept,  of  Physics,  Christopher  Newport  Col.,  Newport  News, 

VA  23606;  and  C.  Engkagul*,  T.  Mihalisin*,  P.  Schlottmann* ,  Dept, 
of  Physics,  Temple  Univ.,  Philadelphia,  PA  19122.  Specific  heat, 
susceptibility,  and  resistivity  data  for  YbSi  are  reported.  The 
specific  heat  shows  a  second-order  transition  to  a  phase  which  is 
probably  ant i f erromagnet ic .  It  has  one  of  the  largest  Y  values 

found  to  date  for  Yb  compounds.  Above  25  K,  the  system  has  an 
anomalously  large  resistivity  which  is  about  8-10  times  larger 
than  typical  (Ce  or  U)  heavy- fermion  materials,  suggesting  that 
the  system  may  be  very  close  to  a  localization  instability. 

COMPUTERIZED  THERMAL  DIFFUSIVITY  APPARATUS.  Brian  R.  Stoner*,  W.  A.  Jesser,  and 
F.  D.  Rosi,  Dept,  of  Materials  Science,  Univ.  of  Virginia,  Charlottesville,  VA 
22901.  The  apparatus  was  used,  in  this  project,  to  perform  measurements  on 
semiconductor  compounds,  but  may  be  applied  to  solids  in  general.  In  this 
case,  the  Angstrom  method,  for  measuring  thermal  diffusivity  was  used.  It 
involves  sending  a  periodic  wave  of  heat  through  a  sample  and  then  measuring 
the  temperature  vs.  time  at  two  locations  along  the  sample.  The  thermal 
diffusivity  may  then  be  calculated  using  the  phase  shift  and  logarithmic 
attenuation  between  the  two  curves.  The  apparatus  was  tested  at  room  tempera¬ 
ture  using  samples  of  germanium,  and  current  efforts  involve  constructing  a 
furnace  chamber  so  that  thermal  diffusivity  measurements  may  be  obtained  at 
higher  temperatures. 


THE  VIRGINIA  JOURNAL  OF  SCIENCE 


139 


THE  EFFECT  OF  MN  DISPERgOIDS  ON  THE  DUCTILE  FRACTURE  OF  2134 
ALLOYS.  Janet  A.  Walsh  ,  K.  V.  Jata,  &  E.  A.  Starke,  Dept,  of 
Mat.  Sci.,  Univ.  of  Va. ,  Charlottesville,  Va.  22903.  The  effect 
of  manganese  level  on  three  high  purity  Al-Cu-Mg-Zr  alloys  is 
studied  in  this  investigation.  While  manganese  does  not  further 
refine  the  grain  size,  because  of  the  presence  of  zirconium,  it 
may  increase  the  ductility  and  fracture  toughness  without  a  loss 
in  strength.  Uniaxial  tension  tests  were  conducted  to  predeter¬ 
mined  amounts  of  strain  in  the  under  and  overaged  conditions. 
These  tests  provide  information  on  the  relationships  between 
strain  to  void  volume  fraction,  maximum  void  size  and  areal  void 
density,  thus  enabling  an  analysis  of  the  role  of  void  initiation 
and  void  growth  in  the  ductile  fracture  process  of  these  alloys. 
Fracture  toughness  was  determined  and  is  correlated  to  the  prior 
results.  (Research  supported  by  the  Air  Force  Office  of 
Scientific  Research  under  contract  #  AFOSR-83-0061 ,  Dr.  Alan 
Rosenstein,  Program  Manager) . 


Medical  Sciences 


ELECTRONIC  PROPERTIES  OF  DIAPHRAGM  MUSCLE  MEMBRANES.  Milton  J.  Allen*,  Chem. 
Dept.,  Biophysical  Lab.,  Va.  Commonwealth  Univ.,  Richmond,  Va.  23284.  The 
techniques  of  'solid  state'  physics  have  been  applied  in  the  past  to  the  inves¬ 
tigation  of  the  electronic  properties  of  plant,  avian  and  mammalian  membranes 
(1) .  Recently  these  methods  have  been  used  to  study  the  changes  in  conductance 
with  temperature  of  mouse  diaphragm.  Arrhenius  plots  indicated  two 
discontinuities,  one  with  a  plateau  at  about  15°C  and  another  starting  at  about 
20°C  and  reaching  its  plateau  at  30°C.  These  may  well  be  related  in  the  first 
instance  to  a  phase  change  in  the  membrane  lipids  followed  by  an  activation  of 
Ca  2-ATPase.  Charge  and  conductance  data  obtained  at  20°  and  37.5°C  were 
compared  with  similar  information  from  diaphragm  samples  after  exposure  to 
insulin.  The  differences  noted  and  their  implications  will  be  discussed. 

(1)  Allen,  M.J.,  The  'Solid  State'  Approach  to  the  Study  of  Membrane  Behavior, 
in  "Water  and  Ions  in  Biological  Systems",  Eds.  A.  Pullman,  V.  Vasilescu  and 
L.  Packer,  109-129,  Union  of  Societies  of  Medical  Sciences,  Bucharest,  1985. 

INHIBITION  OF  GLYOXALASE  I.  RICHARD  B.  BRANDT ,  Dept,  of  Biochemistry  and  Mol. 
Biophys.,  the  Massey  Cancer  Ctr. ,  Med".  Col .  of  Va.,  Richmond,  VA  23298.  The 
catabolism  of  the  cytotoxic  a,  6-dicarbonyl  methylglyoxal  (MeG)  to  its  less 
toxic  hydroxy-acid,  D-lactate,  is  catalyzed  by  the  glyoxalase  enzyme  system. 
The  first  enzyme  glyoxalase  I(S-lactoyl-glutathione  methylglyoxal  lyase, 
isomerizing;  EC  3.3.1 .4)(Glo  I)  catalyzes  the  formation  of  S-D-lactoyl -gl uta- 
thione  (SLG)  from  the  adduct  of  MeG  and  glutathione.  Inhibition  of  Glo  I  with 
the  resulting  decrease  in  MeG  catabolism,  suggests  possible  application  for 
chemotherapeutic  agents.  Inhibitors  were  selected  on  their  basis  of  similarity 
to  possible  transition-state  enediol  intermediates  of  MeG.  Inhibition  was 
determined  using  purified  human  red  blood  cell  Glo  I  by  the  change  in  absor¬ 
bance  with  the  formation  of  SLG  at  240  nm.  The  concentration  of  inhibitor  for 
50%  inhibition  of  Glo  I  activity  (I™)  was  determined  for  a  series  of  flavone 
and  coumarin  derivatives.  A  combination  of  empirical  compound  selection  and 
ab  initio  quantum  mechanical  calculations  are  being  used  for  the  design  of  new 
inhibitors.  (Supported  by  funds  from  NFCR) 
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CA++  IONOPHORE-STIMULATED  RELEASE  OF  POLYUNSATURATED  FATTY  ACIDS  FROM  HUMAN 
FIBROBLASTS.  Morris  E.  Brown,  III  and  Miriam  D.  Rosenthal,  Norfolk  State 
University  and  Eastern  Virginia  Medical  School,  Norfolk,  VA  23504. 

Many  cells  respond  to  stimuli  by  releasing  free  arachidonic  acid  (20:4  n-6) 
from  membrane  phospholipids,  thus  initiating  prostaglandin  synthesis.  Recent 
studies  in  our  laboratory  have  shown  that  the  agonist-stimulated  release  of 
arachidonate  from  vascular  endothelial  cells  does  not  include  other  n-6  poly¬ 
unsaturated  fatty  acids.  The  purpose  of  this  study  was  to  determine  whether 
human  skin  fibroblasts  also  exhibit  the  fatty  acid  specificity.  GM-10  cells 
were  incubated  in  medium  with  1  pM  [i4C]20:4  or  [14C]22:4  (n-6).  In  4  hr, 
50-60%  of  the  14C-fatty  acids  were  incorporated;  of  that  >85%  was  in  phospho¬ 
lipid.  When  the  cells  were  then  incubated  for  10  min  in  saline  plus  albumin, 
there  was  a  net  release  of  0.55%  of  the  [14C]20:4  and  0.93%  of  the  [1LfC]22:4. 
The  calcium  ionophore  A23187  stimulated  release  of  an  additional  1.35%  of 
[14C]20:4  but  only  0.29%  of  [14C]22:4.  Similarly,  A23187  stimulated  release 
of  only  0.23%  of  cellular  [14C]20:3  (n-6).  Thus,  the  A23187-stimulated  release 
from  fibroblasts,  like  that  from  endothelial  cells,  is  relatively  specific  for 
arachidonate.  (Supported  by  NIH  RR  08033  and  by  the  AHA,  Virignia  Affiliate.) 


SEPARATION  OF  NON  DISEASED  HUMANS  FROM  PATIENTS  WITH  GASTRIC-DUODENAL  ULCERS 
AND  CANCER  OF  THE  STOMACH  BY  SPECTROPHOTOMETRIC  ABSORBANCES  OF  BLOOD  PLASMA. 
Germille  Colmano,  L.M.  Evans*,  andN.C.  Saunders*,  Dept.  Veter  inary  Biosciences , 
VPI  &  SU,  Blacksburg,  VA,  24061.  Selected  wavelength  absorbances  from 
spectrophotometric  scans  of  blood  serum  samples  from  the  Mayo-NCI  Serum 
Diagnostic  Bank,  digitized  on  an  IBM  mainframe  computer,  were  used  as  variables 
for  canonical  discriminant  analysis.  A  two  group  analysis  resulted  in  100% 
correct  classification  between  27  cancer  and  42  non-cancer  samples.  A  four 
group  analysis  yielded  three  significant  discriminant  functions,  giving  a 
100%  correct  classification  between  27  cancer,  21  upper  G.I.  tract  conditions, 
9  arthritis,  and  10  normal  serum  samples.  The  results  indicate  an  approach 
not  only  to  cancer  detection  but  also  to  the  detection  of  other  abnormal 
metabolic  conditions. 


RESECTED  SCIATIC  NERVE  REPAIR  USING  SUTURES  UNCOATED  OR  COATED  WITH  MONOLAYERS 
OF  METAL(S) -STEARATE.  Germille  Colmano.  J.M.  Gregg*,  J.C.  Keith*,  Dept.  Vet. 
Biosci. ,  and  L.G.  Shell*,  Dept,  of  Small  An.  Clin.  Sci. ,  Coll.  Vet.  Med., 
VPI  &  SU,  Blacksburg,  VA,  24061.  The  capability  of  using  the  deposition  of 
monomolecular  films  of  metal(s)  on  sutures  was  used  to  test  the  possibility 
of  creating  an  artificial  electromagnetic  field,  to  join  gaps  across  severed 
nerves.  Vicryl  (reabsorbable  polygalactine)  microsutures  were  coated  with 
monolayers  of  sodium-,  calcium-,  or  potassium-stearate.  The  sodium  and 
calcium  sutures  were  used  to  suture  the  outer  perineurium,  while  the  potassium 
suture  was  used  to  connect  the  axis  of  the  nerve  along  the  inner  epineurium. 
Rat  and  dog  sciatic  nerves  in  vivo  were  used  as  experimental  models.  The 
rat  experiments  were  more  successful  than  those  in  dogs,  however  both  indicated 
a  potential  for  success.  The  positive  responses  are  encouraging  towards 
continuing  the  search  for  technique  improvement. 


THE  ANGIOTENSINS;  OPIATE  ANTAGONISTS.  Sandra  Cook  and  William  L.  Dewey, 
Department  of  Pharmacology  &  Toxicology,  Medical  College  of  Virginia/Virginia 
Commonwealth  University,  Richmond,  VA  23298.  Angiotensins  I,  II,  or  III  in  the 
picomole  range  inhibit  morphine  analgesia  in  some  opiate  bioassays.  In  these 
experiments,  the  angiotensins  were  administered  intracerebroventricularly  and 
morphine  subcutaneously.  Time  course  studies  indicate  that  the  simultaneous 
injections  of  angiotensin  and  morphine  yields  the  greatest  degree  of  attenuation 
of  morphine  antinoci ception .  Interestingly,  higher  doses  of  the  peptides  are 
mildly  analgesic  in  the  absence  of  morphine  and  such  activity  can  be  fully 
abolished  by  the  opiate  antagonist  naloxone.  Combination  experiments  with 
morphine,  angiotensin  I  and  a  converting  enzyme  inhibitor  reveal  that  this 
peptide  can  inhibit  morphine's  action  without  a  required  conversion  to 
angiotensin  II.  Reversal  experiments  were  also  performed  wherein  the  peptides 
were  administered  after  a  full  morphine  response  was  established.  Unlike 
classical  opiate  antagonists,  the  angiotensins  were  unable  to  reverse  morphine 
antinociception.  (Supported  by  USHPHS  Grants  DA01647  and  T32DA07027). 
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INHIBITION  OF  ACETYL-  AND  ACYL-CoA  SYNTHETASE  BY  STABLE  ANALOGS 
OF  ACYL  ADENYLATES.  KINETIC  MECHANISM  AND  SPECIFICITY.  N.  A. 
Gr avson  and  R.  B.  Westkaemper * ,  Department  of  Medicinal  Chemis¬ 
try,  School  of  Pharmacy,  MCV-VCU,  Richmond,  VA  23298.  Catalysis 
by  acetyl-[E.C.  6. 2. 1.1]  and  acyl-[E.C.  6. 2. 1.3]  CoA  synthetases 
is  known  to  proceed  through  a  discrete  acyl  adenylate  intermedi¬ 
ate.  Stable  analogs  of  acyl  adenylates  were  evaluated  as  inhibi¬ 
tors  of  these  enzymes.  All  inhibitors  were  found  to  be  competi¬ 
tive  with  ATP  for  both  enzymes,  and  noncompetitive  with  acetate 
for  acetyl-CoA  synthetase.  This  finding  is  consistent  with  an 
ordered  binding  mechanism.  A  random  mechanism  is  indicated  for 
acyl-CoA  synthetase  due  to  the  fact  that  one  inhibitor  is  compet¬ 
itive  with  both  ATP  and  the  carboxylic  acid  substrate.  Inhibition 
constants  ranged  from  3.1  x  10  to  greater  than  5.0  x  10  M.  In 
one  case,  replacement  of  H  with  CH^  results  in  a  170-fold 
decrease  in  K.  corresponding  to  a  10.6  kJ/mol  increase  in 
observed  binding  energy.  Shorter-chain  analogs  were  better  inhi¬ 
bitors  of  acetyl-CoA  synthetase,  while  longer-chain  analogs  were 
better  inhibitors  of  acyl-CoA  synthetase. 


RECEPTOR  MEDIATED  ACTION  OF  ANTIGLUCOCORTICOID  (RU  486)  IN  RAT  KIDNEY: 

Sara  Kilpatrick  and  Mohammed  Kalimi .  RU486  exhibits  potent  antigluco¬ 
corticoid  activity  both  in  vivo  and  in  vitro .  We  are  using  this  potent 
antiglucocorticoid  to  inhibit  glucocorticoid  induced  hypertension  in  Sprague 
Dawley  rats  and  to  elucidate  the  mechanism  of  steroid  hormone  antagonist 
action  at  the  molecular  level.  In  vivo  screening  tests  using 
adrenalectomized  rats  suggest  a  significant  effect  of  RU486  on  reversing  + 
dexamethasone-induced  urinary  volume  output  and  on  excretion  of  Na  and  K  . 
We  have  characterized  [H]  RU  486  binding  in  kidney  cytosol  and  compared  it. 
with  that  of  [H]  dexamethasone  binding  in  order  to  understand  the  steroid 
antagonist  action  of  this  compound. 


COMPARISON  OF  THE  BEHAVIORAL  EFFECTS  OF  THE  STEREOISOMERS  OF 
1  l-HYDROXY-A8-DIMETHYLHEPTYL  THC.  Patrick  J.  Little*.  David  R.  Compton*,  Raphael 
Mechoulam*  and  Billy  R.  Martin,  Dept.  Pharmacol,  and  Toxicol.,  MCV-VCU,  Richmond,  Va. 
23298.  (-)-A -THC,  the  major  psychoactive  constituent  of  marijuana  produces  a  variety  of  effects 
in  animals  and  in  man.  The  synthetic  (+)  isomer  is  5-100  times  less  potent  than  the  (-)  isomer 
depending  on  the  animal  model  chosen.  Recently  the  stereoisomers  of  1  l-OH-A8-dimethylheptyl 
THC  have  been  synthesized  and  tested  in  spontaneous  activity,  rectal  temperature,  tail-flick,  and 
catalepsy  in  mice  and  in  the  dog  static  ataxia  model.  The  (-)  isomer  decreased  spontaneous  activity 
(ED50  4  ng/kg),  lowered  rectal  temperature  by  3°C  at  30  jug/kg,  was  analgetic  (MPE50  9  ng/kg),  and 
was  cataleptogenic  ( ED5Q  19  ng/kg)  following  iv  administration.  In  contrast  no  ED50  values  could 
be  obtained  with  the  (+)  isomer  in  mice  up  to  doses  of  30  mg/kg  iv.  Similarly,  in  the  dog  static 
ataxia  model  the  (-)  isomer  produced  signs  of  static  ataxia  between  3-10  ng/kg  iv,  while  the  (+) 
isomer  was  inactive  at  1  mg/kg  iv.  Therefore  the  (-)  isomer  was  at  least  1000  times  more  potent  in 
all  tests  than  the  (+)  isomer.  This  is  in  contrast  to  A9-THC  where  the  degree  of  stereoselectivity 
appears  to  reflect  the  animal  model  chosen.  There  is  evidence  suggesting  the  existence  of  a  specific 
receptor  for  A9-THC.  If  this  is  the  case  one  would  expect  to  see  a  high  degree  of  stereoselectivity 
such  as  that  which  has  been  achieved  with  the  stereoisomers  of  11 -OH  A -dimethylheptyl  THC. 
(Supported  by  NIDA  grants  DA-03672  and  DA-07027). 
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ANTAGONISM  OF  NICOTINE'S  CENTRAL  EFFECTS  BY  PEMPIDINE.  Thomas  J. 
Martin*  and  Billy  R.  Martin,  Dept,  of  Pharm.  and  Tox.,  MCV/VCU,  Richmond,  VA  23298 

Nicotine  produces  a  myriad  of  CNS  effects,  practically  all  of  which  are  antagonized  by 
mecamylamine  and  pempidine.  Mecamylamine  and  pempidine  have  been  shown  to  exhibit  the 
characteristics  of  both  competitive  and  noncompetitive  antagonism  of  nicotine,  but  they  do  not 
displace  nicotinic  binding.  Pempidine's  antagonism  of  nicotine  in  producing  depression  of 
spontaneous  activity  and  antinociception  in  mice  was  investigated.  Spontaneous  activity  was 
assessed  by  interruption  of  a  photocell  beam  in  a  10  min  session,  10  min  following  nicotine 
administration.  Antinociception  was  assessed  5  min  after  nicotine  administration  by  the  tail  flick 
procedure.  Pempidine  was  given  10  min  prior  to  nicotine  for  antagonism  studies  and  all  drugs  were 
administered  s.c.  Pempidine  shifted  the  EDso's  of  nicotine  to  the  right  in  both  assays.  The 
antagonism  of  nicotine-induced  hypoactivity  was  completely  overcome  by  increasing  the  dose  of 
nicotine.  The  antagonism  of  antinociception  by  0.03  and  0. 1  mg/kg  of  pempidine  was  completely 
overcome  by  increasing  the  dose  of  nicotine,  but  antagonism  by  0.3  and  1.0  mg/kg  of  pempidine 
was  not  overcome  by  doses  of  nicotine  up  to  40  mg/kg,  which  were  lethal.  Therefore,  at  lower 
doses  pempidine  appears  to  be  a  competitive  antagonist  of  nicotine  whereas  at  higher  doses  it 
appears  to  be  noncompetitive  in  that  lethal  doses  of  nicotine  will  not  reverse  antagonism  of 
antinociception.  This  may  be  due  to  noncompetitive  antagonism  of  spare  receptors.  Supported  by 
CTR  grant  #2130. 


WHAT  ARE  LIVING  SYSTEMS?  COMPLEX  SYSTEM  THEORY  SETS  LIMITS  ON  MECHANISTIC 
APPROACHES  IN  BIOLOGY.  D.C.  Mikulecky,  Dept,  of  Physiology,  MCV/VCU, 
Richmond,  VA  23298-0001.  Rosen  [Organisms  As  Causal  Systems  Which  Are  Not 
Mechanisms:  An  Essay  into  the  Nature  of  Complexity,  in  "Theoretical  Biology 
and  Complexity,"  R.  Rosen,  ed.,  Acad.  Press,  N.Y.  1985]  has  asserted  that 
living  systems  are  "complex  systems"  as  opposed  to  what  he  calls  mechanisms. 
He  has  given  a  number  of  criterea  for  making  this  distinction.  A  few  simple 
physiological  systems  will  be  analyzed  from  this  point  of  view  to  examine 
the  validity  of  Rosen's  categorization.  It  will  be  shown  that  at  relatively 
simple  levels  of  organizational  complexity,  the  system's  organization 
already  has  a  fundamental  role  in  determining  its  properties  independent  of 
its  mechanistic  detail.  It  will  also  be  shown  that,  in  many  cases,  the 
reductionist  approach  is  based  on  the  false  premise  that  only  in  reduction 
to  a  simple  mechanism  can  understanding  of  a  living  system  be  realized.  The 
implications  for  the  possible  applications  of  "molecular  biology"  are  worth 
considering. 


LOCALIZATION  OF  COLLAGENASE  TO  SPECIFIC  CELLS  IN  THE  RAT  OVARY.  Noel  0. 
Owers ,  Dept,  of  Anatomy,  VA  Commonwealth  Univ.,  Richmond,  VA  23298,  and  J. 
Ken  McDonald,  Dept,  of  Biochemistry,  Medical  University  of  South  Carolina, 
Charleston,  SC  29425.  Immature  female  rats,  24  days  old,  were  injected 
with  saline,  or  pregnant  mare's  serum  gonadotropin  (PMSG)  followed  (54  h 
later)  by  human  chorionic  gonadotropin  (hCG).  All  were  sacrificed  at  65-66 
h  when  ovulation  occurs.  Cryostat  sections  (16  mp)  of  the  excised  ovaries 
were  placed  on  gl utaral dehyde-f ixed ,  India  ink-impregnated  gelatin  membranes 
on  glass  slides,  overlaid  with  buffer  (10  mM  CaClg-bO  mM  Tris-HCl,  pH  7.5) 
or  buffer  containing  0.5  mM  ami nophenylmercuric  acetate  (APMA)  (to  activate 
procol lagenase ) ,  or  buffer  containing  APMA  +  20  mM  EDTA  (to  inhibit 
col lagenase) .  Sections  were  incubated  in  a  humid  chamber  for  18  h  (37°) 
and  examined  microscopically  for  lysis  of  the  gelatin  membrane.  Lytic 
activity,  seen  as  clear  holes  in  the  black  membrane,  was  associated  with 
the  granulosa  cells  of  the  follicle  and  some  thecal  and  interstitial  cells. 
Lytic  activity,  seen  only  in  the  PMSG/hCG-treated  rats,  was  enhanced  by  APMA 
and  abolished  by  EDTA.  Although  the  proteinase  activity  associated  with 
these  cells  displayed  properties  characteristic  of  collagenase,  the  presence 
of  other  neutral  metal loproteinases  cannot  be  excluded. 
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PLASMA  AMINO  ACID  CONCENTRATIONS  IN  PREMATURE  INFANTS.  Daniel  PL  Paulson  and 
Margaret  L.  Till,  Dept,  of  Biological  Sciences,  Old  Dominion  University, 
Norfolk,  Virginia  23508.  Total  parenteral  nutrition  (TPN)  has  been  shown  to  be 
a  valuable  tool  in  the  nutritional  management  of  premature  infants.  Despite  its 
widespread  use,  the  metabolic  consequences  of  central  venous  delivery  of 
nutrients  is  only  now  being  explored.  Currently,  there  is  little  work  with 
which  to  examine  the  concerns  of  hyperaminoacidemia  or  other  amino  acid 
imbalances  which  occur  as  a  result  of  TPN.  In  this  study,  we  gathered  baseline 
data  on  plasma  and  urine  free  amino  acid  concentrations  of  eleven  premature 
infants.  All  were  on  total  parenteral  nutrition  and  the  mean  gestational  age  of 
the  group  was  30.1  weeks.  Amino  acid  levels  were  measured  by  high  pressure 
liquid  chromatography  using  an  o-phthaldialdehyde  derivatizing  procedure.  Mean 
values  for  the  excretion  of  individual  amino  acids  ranged  from  10.4  mmoles/g 
creatinine  for  glycine  to  0.097  mmoles/g  creatinine  for  isoleucine.  The  data 
suggest  that  regulatory  renal  function  begins  in  the  preterm  infant  at  about  the 
thirty-second  week.  In  some  infants,  it  appears  that  saturation  of  various 
carrier  proteins  occurs  causing  a  spill  over  of  amino  acids  into  the  urine. 


ANXIOLYTICS  II.  STIMULUS  EFFECTS  OF  SEROTONERGIC  AGENTS:  RELATION¬ 
SHIPS  TO  NEW  ANXIOLYTIC  AGENTS.  M.E. Pierson* .  R. Young*,  R . A  Glen- 
non*,  Dept  of  Med  Chem  MCV/VCU  Richmond  VA  23298.  Benzodiazepine 
(BZ)  anxiolytic  agents  (e . g .d iazepam)  bind  with  high  affinity  to 
brain  BZ  receptors  whereas  the  novel  anxioselective  agents  buspi- 
rone  (Bus),  gepirone  (Gep) ,  and  ipsapirone  (Ipsap)  display  a  low 
affinity  for  such  receptors  but  bind  with  high  affinity  to  seroto¬ 
nin  (5-HT)  receptors.  In  order  to  determine  the  role  of  5-HT  in  the 
mechanism  of  action  of  these  anxiolytics,  tests  of  stimulus  gener¬ 
alization  were  conducted  using  rats  trained  to  discriminate  the 
5-HT1A  agonist  8-OH  DP  AT  (0.2mg/kg),  the  5-HT1B  agonist  TFMPP 
(0.5mg/kg),  and  Ipsap  (3.0mg/kg)  from  saline.  Neither  the  8-OH  DPAT- 
TFMPP-,  or  the  Ipsap-stimulus  generalized  to  diazepam.  The  8-OH 
DPAT-  and  Ipsap-stimulus  generalized  to  Bus,  Gep,  and  Ipsap.  The 
TFMPP-stimulus  did  not  generalize  to  Bus,  Gep,  Ipsap.  This  suggests 
that  the  anxioselective  agents  Bus,  Gep,  and  Ipsap  produce  a  quali¬ 
tatively  different  stimulus  effect  than  that  of  the  classical  BZ 
antianxiety  agents  and  that  5-HT,  particularty  5-HT1  receptors,  may 
be  involved  in  the  effects  produced  by  these  anxioselective  agents. 


SYNTHESIS  AND  PHARMACOLOGY  OF  ARYL OX Y ALKYL AMINES  AS  SEROTONERGIC 
AGENTS.  M.E.  Pierson*  * .  R. Lyons2*,  M.Tielter2*,  R.A .Glennon1 * , 
^ept  of  Med  Chem  MCV/VCU;  Richmond,  VA  23298,  2Dept  Pharmacol 
Albany  Medical  College;  Albany,  NY.  Propranolol  is  a  well  known 
beta  adrenergic  antagonist  which  also  binds  to  serotonin  receptors. 
It  is  reported  to  antagonize  some  of  the  behavioral  effects  of  ser¬ 
otonin  and,  specifically,  effects  mediated  by  the  5-HT1  receptor. 
Since  there  are  no  reported  selective  5-HT1  receptor  antagonists  we 
were  interested  in  defining  that  part  of  the  propranolol  molecule 
which  imparts  serotonergic  activity.  It  is  known  that  (a)  the  sec¬ 
ondary  alcohol,  (b)  the  secondary  amine,  and  (c)  the  chain  length 
between  the  aryl  group  and  the  amine  are  important  for  adrenergic 
activity.  We  varied  these  functional  groups  in  order  to  minimize 
adrenergic  effects  and  maximize  serotonergic  effects.  5-HT1A  and 
5-HT1B  binding  data  were  obtained  using  rat  brain  homogenates  and 
the  appropriate  radioligands.  The  more  interesting  compounds  were 
additionally  examined  in  the  drug  discrimination  paradigm  using 
animals  trained  to  discriminate  either  8-OH  DPAT  or  meta- 
trifluoromethylphenylpiperazine  (TFMPP)  from  saline. 
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CONFORMATION  OF  DNA  IN  GEL  PHASE.  EFFECTS  OF  ATP  AND  OF  INTERCALATORS .  A.  J. 
Richard  and  R.  B.  Westkaemper.  Department  of  Medicinal  Chemistry,  School  of 
Pharmacy,  MCV/VCU;  Richmond,  VA  23298.  At  low  ionic  strength,  gels  of  high 
molecular  weight  DNA  can  be  formed  by  equilibrium  ultracentrifugation. 
Denaturation  of  DNA  was  observed  with  ethidium  bromide,  but  not  with  acridine 
orange,  although  both  intercalate  DNA.  This  was  explained  in  terms  of  the 
external  stacking  seen  by  other  methods  when  acridine  orange  is  bound  to  DNA, 
and  of  the  absence  of  such  external  stacking  with  ethidium  bromide.  Denatura¬ 
tion  of  DNA  was  also  observed  when  ATP  was  added  to  the  gel  phase,  but  was  not 
seen  in  the  presence  of  adenosine,  nor  of  pyrophosphate. 

THE  EFFECT  OF  SELENIUM  SUPPLEMENTATION  ON  STAMINA  IN  MALE  RATS.  John  Richardson 
and  Cynthia  Dorr,*  Dept,  of  Biol.,  Old  Dominion  Univ. ,  Norfolk,  Va.  23508. 

After  dosing  with  selenium,  time  to  fatique  was  measured  in  the  gastrocnemius 
muscle  in  eighteen  experimental  animals.  Results  indicate  that  contraction  time 
was  38.27.  longer  for  the  dosed  animals  than  for  control  animals.  Ingestion  of 
25  micrograms  of  selenium  per  day  increases  stamina  by  prolonging  muscle  con¬ 
traction.  Stamina  was  determined  by  anesthetizing  the  animals  and  exposing  the 
gastrocnemius  muscle.  The  Achilles  tendon  was  attached  to  a  spring  loaded  myo¬ 
graph  of  controlled  tension.  Muscle  contraction  was  induced  by  an  electrical 
probe  using  8  volts  at  20  cycles  per  second.  Time  to  fatique  was  measured  twice 
on  the  same  muscle,  but  only  the  second  contraction  was  used  for  data  analysis. 
The  muscle  was  allowed  a  40  second  recovery  period  between  stimulations. 

NEUROFILAMENT  DIFFERENCES  IN  MYELINATED  AND  UNMYELINATED  AXONS.  K.E.  Sloan* 
and  J.A.  Stevenson*,  Dept,  of  Anatomy,  MCV-VCU,  Richmond,  VA  23298. 
Neurofilament  proteins  (NFP)  may  be  phosphorylated  (P)  or  nonphosphorylated 
(NP).  Phosphoryl ation  of  NFP  is  a  kinase-dependent  posttranslational  event, 
appears  to  be  related  to  axonal  maturation  and  may  correspond  to  myelin 
ensheathment.  The  present  study  used  monoclonal  antibodies  to  examine  both 
determinants  within  myelinated  and  unmyelinated  axons  in  the  hamster  optic 
nerve.  Animals  were  perfused,  sections  of  optic  nerve  were  processed  by  PAP 
immunohistochemistry  and  prepared  for  light  and  electron  microscopy.  The 
distribution  of  P-NFP  and  NP-NFP  observed  at  the  light  level  is  similar  to  the 
reported  pattern  of  myelination  in  the  hamster  optic  nerve. 


VIABLE  SCHWANN  CELLS  ARE  REQUIRED  FOR  CNS  AXONAL  REGENERATION.  G.V.  Smith*  and 
J.A.  Stevenson*,  Dept,  of  Anatomy,  MCV-VCU,  Richmond,  VA  23298.  Peri pheral 
nerve  (PN)  grafts  promote  the  regeneration  of  injured  CNS  neurons  through 
mechanisms  which  are  poorly  understood.  The  present  study  determined  if  PN 
grafts  that  lack  viable  Schwann  cells  (SC)  are  able  to  promote  regeneration. 
Grafts  were  implanted  bilaterally  into  the  diencephalon  of  adult  hamsters.  One 
graft  segment  was  normal  nerve,  containing  typical  "bands  of  Bungner",  i.e.  SCs 
surrounded  by  a  basal  lamina  (BL).  The  SC  population  in  the  second  graft  was 
killed  by  freezing  prior  to  implantation.  Seven  weeks  after  implanation,  the 
extracranial  end  of  each  graft  was  labelled  with  a  retrogradely  transported 
tracer.  One  week  later,  the  animals  were  perfused  and  the’brain  examined. 
Labelled  CNS  neurons  were  found  in  all  cases  where  an  "intact"  graft  was 
retained,  but  were  seen  in  only  one  case  with  a  "frozen"  graft.  Myelinated  and 
unmyelinated  axons  were  seen  in  the  intact  grafts,  but  no  axons  were  found  in 
the  frozen  grafts,  suggesting  that  CNS  axons  regenerate  vigorously  within  an 
environment  which  includes  SCs;  they  regenerate  poorly,  if  at  all,  when  SCs  are 
absent.  Further,  it  appears  that  BL  tubes,  when  separated  from  their  parent 
cells,  are  inadequate  to  support  significant  CNS  axonal  regeneration. 
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HPLC  METHOD  FOR  MEASURING  THE  N-GLUCOSYLATED  METABOLITES  OF  PHENO- 
BARBITAL  IN  HUMAN  PLASMA  AND  URINE.  P.J.  Soine  and  F.  Vest,  Chem. 
Dept.,  Randolph-Macon  Col.,  Ashland,  Va.  23005  and  W.H.  Soine, 
Medicinal  Chem.  Dept.,  Va.  Commonwealth  Univ. ,  Richmond,  Va. 
23298.  When  phenobarbital  (PB)  is  glucosylated  at  the  N3  position, 
]two  diastereomers  (PBGA  and  PBGB)  may  be  formed.  To  determine  if 
the  diastereomers  are  produced  by  humans,  a  C-18  reversed  phase 
HPLC  method  for  detection  and  quantitation  of  the  glucosides  in 
human  plasma  and  urine  was  developed.  A  mobile  phase  of  12%  (v/v) 
CH3CN/  0.025  M  NaP04  pH  6.5  at  1.4  mL/min  with  the  column  at  25° 
or  35°  C  resolved  PBGA,  PBGB,  p-hydroxyphenobarbital ,  PB  and 
5-methyl-5-phenyl  hydantoin  (internal  standard).  Standard  curves 
of  the  metabolites  from  4  /iM  to  40  ^M  were  linear.  Samples  were 
extracted  with  ethylacetate  (EA) .  The  EA  layer  was  evaporated  and 
reconstituted  in  mobile  phase  acidified  with  H3PO4  prior  to 
injection.  N-Glucosides  were  not  detected  in  plasma  samples  of 
patients  receiving  phenobarbital.  In  urine  samples  both  PBGA  and 
PBGB  were  detected  with  the  formation  of  PBGA  predominating. 
(This  work  was  supported  by  grant  GM  34507) . 


Determination  of  the  Partition  Coefficients  of  Cannabinoids  bv  GC/MS  Analysis.  Brian  F.  Thomas, 
Patrick  J.  Little,  and  Billy  R.  Martin.  Dept  of  Pharm.  and  Tox.  MCV/VCU,  Richmond,  Va.  23298. 

The  ubiquitous  nature  of  the  effects  of  cannabinoids  suggests  that  many  different  mechanisms 
may  be  involved  in  their  pharmacological  activity.  Indeed,  the  extreme  lipophilicity  has  led  some 
investigators  to  conclude  that  non-specific  membrane  perturbation  is  responsible  for  activity. 
Numerous  studies  have  been  carried  out  attempting  to  correlate  membrane  solubility  with 
pharmacological  activity,  unfortunately  discrepancies  exist  in  these  experimental  findings.  Because 
of  these  anomalies,  an  analytical  method  using  gas  chromatography/mass  spectroscopy  (GC/MS) 
has  been  employed  to  define  the  order  of  lipophilicity  within  a  set  of  cannabinoids  using  partition 
coefficients  in  octanol/water.  The  partition  coefficients  in  octanol/water  (50:50)  for 
A  -tetrahydrocannabinol  (A9-THC),  A9"^1  THC,  1 l-OH-A-THC,  and  the  morpholino-butyric 
ester  of  A  -THC  (MBE-A  -THC,  a  derivative  reported  to  be  water  soluble)  were  determined  by 
GC/MS  and  verified  with  the  tise  of  radiosotopes  (when  available).  Using  the  GC/MS  methodology 
partition  coefficients  of  12,091  ±  3,941  (n=Uj),  8602  ±  1,661  (n=6L  6,575  ±  1,017,  and  731  ± 
1 16(n=7)  were  determined  for  A9-THC,  A9'11 -THC,  ll-OH-A9-THC  and  MBE-A8-THC, 
respectively.  ^H-A-THC,  and  ^H-MBE-A  -THC  were  used  to  verify  the  GC/MS  data,  and  the 
partition  coefficients  obtained  were  12,898  ±  550  and  526  ±  27,  respectively.  This  technique  may 
prove  especially  useful  when  radiolabeled  cannabinoids  are  not  available  or  when  the  purity  of  a 
compound  is  questionable.  Supported  by  NIDA  grant  DA-03672. 

EFFECTS  OF  MIREX  ADMINISTERED  IN  VIVO  ON  PLASMA  CORTICOSTERONE  AND  ON  IN  VITRO 
ADRENOCORTICAL  FUNCTION.  M.L.  Till  and  J.D.  Davenport,  Department  of 
Biological  Sciences,  Old  Dominion  University,  Norfolk,  VA  23508.  Previous 
studies  on  Mirex  have  shown  hepatic  and  adrenal  hypertrophy  in  rats.  The 
hepatocyte  hypertrophy  was  glucocorticoid  dependent.  Studies  in  our  laboratory 
have  shown  increased  corticosterone  release  by  the  adrenal  cortex  when 
stimulated  by  Mirex  in  vitro  .  The  following  study  was  undertaken  to  determine 
the  effects  of  Mirex,  in  vivo,  on  adrenal  steriodogenesis  and  hormone  release 
in  vitro.  Two  days  after  Mirex  administration  to  rats,  plasma  samples  were 
taken  and  adrenal  glands  removed.  The  glands  were  incubated  for  one  hour  under 
basal  or  ACTH  (200  mlU/ml)  stimulation  conditions.  Significant  increases  were 
found  in  adrenal  weights  and  adrenal  :body  weight  ratios  in  the  Mirex  group. 
Plasma  corticosterone  values  tended  to  be  higher  in  the  Mirex  group  (p<.1). 
Under  basal  conditions,  the  absolute  and  relative  secretory  rates  of 
corticosterone  rose  in  response  to  Mirex.  In  response  to  ACTH,  Mirex-glands 
increased  corticoid  release  by  40%,  while  oil-glands  increased  by  27%.  The 
enhanced  basal  and  ACTH  stimulated  corticosterone  levels  may  reflect  a  stress 
mechanism  working  at  the  level  of  the  hypothalamus  and/or  increased 
steroidogenesis  and  release  at  the  gland. 
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INTERACTION  OF  PARATHYROID  HORMONE  AND  CALCITONIN  IN  THE  MODULATION  OF  OPIATE 
ANTINOCICEPTION.  Sandra  P.  Welch  and  William  L.  Dewey,  Dept,  of  Pharmacology 
and  Toxicology,  Medical  College  of  Virginia/Virginia  Commonwealth  University, 
Richmond,  VA  23298.  Calcitonin  (CT)  and  parathyroid  hormone  (PTH,_g.)  act  in 
opposition  peripherally  to  maintain  serum  Ca  levels.  CT,  present  Tn  those 
areas  of  the  brain  modulating  pain  perception,  produces  antinociception  at  2  hr 
following  intraventricular  (icv.)  administration.  However,  salmon  CT  (2  pg, 
icv.)  antagonizes  morphine  (MOR,  4  mg/kg,  subcutaneously)  when  injected  5  min 
prior  to  MOR.  +£TH.  (2  pg),  the  only  fragment  of  the  PTH,  „d  peptide  known 

to  modulate  Ca  ,  produces  antinociception  (ED50  =  3.8  pg)  iO  min  after  icv. 
administration+vj/hich  is  not  blocked  by  naloxone,  is  additive  wj£h  MOR,  and  is 
reversed  by  Ca  (0.12  pM,  icv.).  CT-induced  modulation  of  Ca  uptake  to 
synaptosomes  correlates  temporally  to  its+jjn  vivo  antinociceptive  effects. 

PTH,  appears  to  produce  non-opiate,  Ca  -mediated  antinociceptive  effects 
whicn  coyrjter  those  of  CT.  These  results  may  indicate  opposing  regulation  of 
brain  Ca  by  the  peptides.  (This  work  was  supported  by  USPHS  Grants  #DA01647, 
T32DA07027 ,  and  AM-35608). 


SYNTHESIS  AND  EVALUATION  OF  POTENTIAL  SUICIDE  INACTIVATORS  OF 
DIHYDROXY  ACID  DEHYDRATASE.  David  A.  Whipple*  and  Richard  B. 
Westkaemper , *  Department  of  Medicinal  Chemistry,  School  of  Phar¬ 
macy,  MCV/VCU,  Richmond,  VA  23298.  Dihydroxy  acid  dehydratase 
catalyzes  the  magnesium  ion-dependent  dehydration  of 
2, 3-dihydroxy-3-methylbutanoic  and  2, 3-d ihydroxy-3-methylpentanoic 
acid  to  the  respective  a-keto  acid  precursors  of  the  branched 
chain  amino  acids  valine  and  isoleucine.  The  enzymatic  conversion 
is  known  to  proceed  through  a  discrete,  enzyme  bound  intermediate. 
Enzymatic  dehydration  of  3-tr if luorome thyl-2 , 3-d ihydroxybutanoic 
acid  (1)  and  3-f luor omethyl-2 , 3-d ihydr oxybutano ic  acid  (2)  will 
produce  analogous  intermediates  which  can  rearrange  to  form  the 
active  site  bound  Michael  acceptors  4 , 4-difluoro-3-methyl-2-keto- 
3-butenoic  acid  and  3-methyl-2-keto-3-butenoic  acid.  Alkylation  of 
an  active  site  nucleophile  will  lead  to  irreversible  enzyme  inac¬ 
tivation.  Characterization  of  1  and  2  as  substrates  and  inactiva¬ 
tors  for  the  enzymes  from  yeast  and  ER_  col i  will  be  presented. 


ANXIOLYTICS  I.  DIAZEPAM  AS  A  DISCRIMINATIVE  STIMULUS:  EFFECTS  OF 
BENZODIAZEPINE-RECEPTOR  &  NONBENZODIAZEPINE-RECEPTOR  ANXIOLYTICS. 
Richard  Young*  and  Richard  A.  Glennon*,  Dept  Med  Chem,  MCV/VCU; 
Richmond,  VA  23298.  Rats  were  trained  to  discriminate  diazepam 
from  saline  using  a  two-lever  operant  choice  task.  The  diazepam- 
stimulus  generalized  to  each  of  17  benzodiazepines.  ED50  values 
were  compared  with  displacing  affinities  (Ki  values)  for  triti- 
ated  diazepam  brain  binding  in  man,  and  with  human  therapeutic 
potency.  A  significant  correlation  (r=0.88,  n=9)  exists  between 
benzodiazepine  binding  affinities  and  ED50  values  derived  from 
the  diazepam-stimulus  generalization  assay.  A  significant  corre¬ 
lation  (r=0.92,  n=10)  also  exists  between  drug  discrimination 
ED50  values  and  human  therapeutic  potencies.  The  diazepam- 
stimulus  also  generalized  to  CGS-9896,  CL  218,872,  zopiclone,  and 
tracazolate,  but  not  to  the  arylpiper az ine  derivatives  buspirone, 
gepirone,  or  ipsapirone.  It  was  concluded  that  the  arylpipera- 
zines  may  produce  qualitatively  different  subjective  effects  as 
compared  to  those  produced  by  classical  benzodiazepines. 
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ECSTASY:  ITS  OPTICAL  ISOMERS,  SYNTHESIS  AND  PHARMACOLOGICAL  STUDIES 
M.Y.Yousif*:  R.A.Glennon* ,  Dept  Med  Chem,  MCV/VCU  Richmond  VA  23298 
The  phenylisopropylamine  (PIA)  MDMA  ("XTC,  Ecstasy"),  in  spite  of 
its  reported  abuse  potential,  is  currently  being  used  as  an  adjunct 
to  psychotherapy.  Little  is  known  about  its  mechanism  of  action, 
parent  compound  (i.e.  MDA) ,  potential  metabolites  (e.g.  N-OH  MDA) , 
or  related  agents  (e.g.  MDE ) .  MDMA,  its  optical  isomers,  and  sev¬ 
eral  related  agents,  were  synthesized  and  evaluated  using  a  drug 
discrimination  paradigm.  Stimulus  generalization  occurred  with  MDMA 
(but  not  with  N-OH  MDA  or  MDE)  in  rats  trained  to  discriminate  the 
stimulant  PIA  (+) -amphetamine  (AMPH)  from  saline.  In  rats  trained 
to  discriminate  the  hallucinogenic  PIA  DOM,  generalization  occurred 
with  neither  (  +  )-,  (+)-,  or  (-)MDMA,  nor  with  N-OH  MDA  or  MDE.  With 
rats  trained  to  (+) MDMA,  generalization  occurred  with  S(+)MDMA 
(ED50=0.24  mg/kg)  and  R (- ) MDMA  (ED50=1.0  mg/kg).  The  results  of  the 
present  study,  coupled  with  the  results  of  other  studies  currently 
being  conducted  in  our  laboratory,  suggest  that  MDMA  and  both  of 
its  optical  isomers  are  capable  of  producing  similar  stimulus 
effects  that  are  primarily  AMPH-like  in  nature. 


Microbiology 


A  REVERSE  GENETICS  APPROACH  FOR  STUDYING  HISTONE  H4  STRUCTURE- 
FUNCTION  RELATIONSHIPS  IN  YEAST.  Michael  J.  Bonaduce  &  Barbara 
Mittman,  Dept,  of  Biol.,  Univ.  of  Richmond,  Richmond,  Va.  23229. 
Using  "reverse  genetics"  (mutations  constructed  Hi  vitro  are 
analyzed  _in  vivo)  ,  site-directed  mutagenesis  of  one  of  the  H4 
gene  copies,  HHF1 ,  has  been  used  to  generate  a  variety  of  mutations 
in  H4.  One  particular  mutation  involves  H4  genes  containing  two 
amino  acid  substitutions.  The  substitutions  of  aspartic  acid  for 
glycine  at  positions  13  and  42  of  the  polypeptide  result  in  a 
nonfunctional  H4  protein.  In  contrast,  an  analysis  of  an  amino 
terminal  deletion  for  amino  acids  3-26  results  in  a  functional  H4 
protein.  Also,  complex  sites  with  histone  H3  have  been  identified 
between  residues  38-102  of  histone  H4,  the  area  in  which  position 
42  resides.  We  are  asking  the  question,  is  the  amino  acid  sub¬ 
stitution  at  position  13  and/or  position  42  responsible  for 
rendering  histone  H4  nonfunctional?  If  H4  is  functional  with  a 
single  amino  acid  change,  are  there  any  phenotypes  associated 
with  the  mutation?  (Supported  by  Univ.  of  Richmond,  Res.  Grant.) 


DECREASED  ANAMNESTIC  ANTIBODY  RESPONSE  IN  AGED  MICE  CORRESPONDS  WITH  LYMPH  NODE 
FOLLICULAR  DENDRITIC  CELL  (FDC)  DEFICIT.  G.F. BURTON,  A.K.SZAKAL, .M.H.KOSCO,  AND 
J . G . TEW .  MCV/VCU  RICHMOND,  VA  23298.  FDC  are  implicated  in  the  induction  and 
maintenance  of  the  anamnestic  response  and  in  aged  animals  are  abnormal  in  both 
number  and  distribution.  Based  on  these  findings,  we  predicted  an  impairment  in 
the  anamnestic  antibody  response  in  aged  mice  and  sought  to  determine  if  it 
could  be  confirmed  and  correlated  with  the  FDC  deficit.  Aged  mice  showed 
depressed  production  of  specific  antibody  in  both  the  primary  and  secondary 
response  compared  to  young  mice  treated  identically.  To  correlate  this  with 
FDC,  young  and  aged  mice  were  irradiated,  passively  immunized,  reconstituted 
with  immune  spleen  cells  from  young  mice  and  challenged  with  antigen.  This 
procedure  induced  immune  complex  formation  and  retention  on  FDC.  Specific 
antibody  production  remained  depressed  in  the  aged  animals  (70  vs  257  ug/ml). 

To  confirm  FDC  dependence,  50  pg  of  antigen  from  FDC  enriched  fractions 
obtained  from  aged  or  young  mice  were  incubated  with  immune  spleen  cells  from 
young  animals  and  used  to  rec  reconstitute  young,  irradiated  mice.  FDC-antigen 
from  aged  mice  induced  3  ug/ml  of  specific  antibody  compared  to  FDC-antigen 
from  young  animals  which  induced  21  ug/ml.  These  data  correlate  the  observed 
antibody  depression  in  aged  mice  with  the  FDC  deficit . SUp _  AG05374 ;T32-CA09210 
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EVALUATION  OF  ENVIRONMENTAL  TOXICANTS  USING  MAMMALIAN  CELL  CUL¬ 
TURE  SYSTEMS.  Sina  Fazel i-Matin  &  Edgar  F.  Stillwell,  Old  Domin¬ 
ion  Univ. ,  Norfolk,  VA  23508.  A  simple  quantitative  procedure 
using  monolayer  cultures  of  mammalian  cells,  specifically  human 
foreskin  and  colon  fibroblasts,  can  be  used  to  evaluate  potential 
cytotoxic  effects  of  environmental  pollutants.  Cells  are  grown 
to  confluency  in  multiwell  tissue  culture  plates  and  exposed  for 
24  hrs.  to  multiple  dilutions  of  the  toxicant  in  question.  The 
test  assay  is  quantitatively  based  on  the  absorption  of  the 
supravital  dye  neutral  red  (NR)  by  the  lysosomes  of  the  surviving 
cells.  Spectr ophotometr ic  analysis  of  the  extracted  dye  is  com¬ 
pared  against  controls.  The  NR-90  is  the  designated  end-point  in 
this  assay,  i.e.  the  concentration  of  the  toxicant  resulting  in 
90%  NR - ab s o r bancy  compared  to  controls  taken  as  100%. 

MACROPHAGE  CYTOLYTIC  ACTIVITY  FOR  AN  EXTRACELLULAR  PROTOZOAN,  NAEGLERIA 
FOWLER I .  Krista  FI scher-Stenaer  &  Francine  Marciano-Cabral ,  Dept,  of  Micro, 
and  Immuno.,  Virginia  Commonwealth  Univ.,  Richmond,  Va.  23298.  Mouse 
peritoneal  macrophages  activated  In  vivo  by  Corvnebacter lum  parvum  or  bad  lie 
Calmette-Guer in  can  be  triggered  with  1 lpopol ysaccharlde  (LPS)  in  vitro  to 
produce  cytolytic  factors  which  have  been  shown  to  have  protozoacidal 
activity.  Two  macrophage  cell  lines,  P388Dj  and  RAW264.7,  triggered  with  LPS 
<10  to  100  ng/ml )  were  assayed  for  cytolytic  activity  for  Naeglerla  fowleri 
amoebae.  Amoeblcldal  activity  was  measured  by  the  release  of  radiolabel  from 
■^H-uridine  labeled  IE  fowleri  after  a  24  hour  incubation  period  with 
macrophage  cell  lines  or  with  macrophage  conditioned  medium.  The  P388D1  and 
RAW264.7  macrophage  cell  lines  treated  with  LPS  were  capable  of  mediating 
cytolysis  of  N-  fowleri  amoebae.  Two  protease  inhibitors,  soybean  trypsin 
inhibitor  and  alpha-2  macroglobulin  did  not  decrease  the  cytolytic  activity 
present  in  the  macrophage  conditioned  medium.  These  results  suggest  that 
amoeblcldal  activity  from  the  macrophage  populations  tested  does  not  appear  to 
be  due  to  cytolytic  proteases.  Supported  by  a  grant  from  the  Thomas  F. 
Jeffress  and  Kate  Miller  Jeffress  Memorial  Trust,  Richmond  Virginia. 


ANTIBIOTIC  PRODUCTION  BY  MICROORGANISMS  ISOLATED  FROM  THE  LOWER  CHESAPEAKE  BAY. 
Li  nda  Gil  mer,  A.  S.  Gordon  and  P.  W.  Kirk,  Jr.  Dept,  of  Biol.,  Old  Dominion 
UnTversity,  Norfolk,  VA  23508.  Most  antibiotics  have  been  isolated  from 
microorganisms  inhabiting  terrestrial  evironments,  leaving  marine  microbes 
virtually  unexamined  in  this  respect.  In  the  present  study,  microbes  from  the 
lower  Chesapeake  Bay  are  being  tested  for  production  of  antimicrobial 
compounds  which  inhibit  the  growth  of  selected  human  pathogens.  The  goal  of 
the  study  is  to  determine  the  occurrence  of  antimicrobial  producing 
microorganisms  in  selected  microenvironments  and  to  evaluate  the  Lower  Bay  as 
a  potential  source  of  novel  antimicrobial  compounds.  Bacteria  and  higher  fungi 
were  isolated  from  various  sources.  Microorganisms  were  isolated  from  algae, 
from  fish  and  from  the  water  column.  The  isolates  were  screened  for 
production  of  antimicrobial  compounds.  Antimicrobials  effective  against  Gram 
positive  and  Gram  negative  bacteria  have  been  detected.  Although  fewer  have 
been  screened,  the  fungi  exhibit  a  higher  frequency  of  antimicrobial 
production.  The  percentage  of  antimicrobial  producing  bacteria  is  higher  in 
the  water  column  than  in  the  epizoic  community  but  lower  than  that  reported  in 
other  similar  studies  which  used  more  sensitive  test  organisms. 
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INTERACTIONS  OF  COPPER  AND  VIBRIO  ALGINOLYTICUS.  A.S.  Gordon  Department  of 
Biological  Sciences,  Old  Dominion  University,  Norfolk,  VA  23508.  Heavy 
metals  in  aquatic  environments  are  of  concern  due  to  their  potential 
toxicity  to  organisms  and  to  man.  Bioaccumulation  of  metals  is  known  to 
occur  but  the  extent  to  which  microbes  play  a  role  in  this  process  remains 
unclear.  Interactions  of  bacteria  with  heavy  metals  are  potentially 
important  in  determining  chemical  speciation  of  the  metals  which,  in  turn, 
affects  their  environmental  fate.  When  estuarine  oacterium  Vibri o 
al gi nolyticus  is  exposed  to  copper  in  seawater,  the  result  is  a  change  in 
copper  speciation  and  a  change  in  activity  of  the  organism.  This 
presentation  will  summarize  data  regarding  the  influence  of  Vibrio 
al gi nolyticus  on  copper  speciation  and  of  copper  on  activity  of  these 
bacteria.  Sorption  of  copper  by  the  organisms,  production  of  copper  binding 
compounds  by  the  bacteria  and  the  influence  of  the  copper  on  bacterial 
growth  and  activity  have  been  examined. 

IN  VITRO  ANALYSIS  OF  A  POSITIVELY  REGULATED  LATE  GENE  PROMOTER. 
Nancy  J.  Grambow*  and  Gail  E.  Christie*,  Dept.  of  Microbiology 
and  Immunology,  Va.  Commonwealth  Univ. ,  Richmond,  Va.  23298.  The 
four  late  gene  clusters  of  bacteriophage  P2  encode  the  proteins 
for  phage  morphogenesis  and  host  cell  lysis.  P2  late  gene 
expression  requires  the  genes  for  P2  DNA  synthesis,  host  RNA 
polymerase  and  the  P2  oqr  gene  product.  Satellite  phage  P4  can 
activate  the  P2  late  genes  directly,  bypassing  the  necessity  for 
the  P2  DNA  synthesis  genes  and  the  ogr  gene  product.  This 
transactivation  requires  the  P4  6  gene  product.  We  have  fused 
the  P2  late  FETUD  promoter  to  the  E . coli  cat  gene  on  a  pBR322 
derivative  plasmid  in  order  to  study  the  promoter's  functional 
domains  and  to  elucidate  the  mechanism  of  promoter  recognition  by 
phage  and  host  factors.  Sequential  5 ' end  promoter  deletions  were 
generated  using  Bal-31  nuclease  and  assayed  for  chloramphenicol 
acetyl  transferase  expression  under  various  induction  conditions. 
In  cultures  infected  with  P2Aam  phage  or  containing  a  P4  6 
overproducing  plasmid,  enzyme  activity  was  lost  in  the  region 
between  nucleotides  -67  and  -63  from  the  start  of  transcription. 


PURIFICATION  OF  BETA-KETOTHIOLASE  FROM  ALCALIGENES  EUTROPHUS  HI 6. 
Scott  C.  Hamilton*,  Mehrdad  Ebadi-Tehrani* ,  and  William  H.  Voige, 
Dept,  of  Chem. ,  James  Madison  Univ.,  Harrisonburg,  Va.  22807. 
Beta-ketothiolase  from  Alcaligenes  eutrophus  H16  has  been 
partially  purified  by  selective  precipitation,  DEAE-cellulose 
anion-exchange  chromatography,  and  gel  filtration.  To  accomplish 
further  purification  of  the  enzyme,  two  additional  chromato¬ 
graphic  approaches  have  been  used.  Dye-ligand  chromatography 
with  Matrex  Gel  Green  A  (Amicon)  can  yield  a  four-fold  increase 
in  specific  activity.  Hydrophobic  interaction  chromatography  on 

agarose- (CH2 ) g-NH^+  (Miles)  yields  at  least  a  two-fold  increase. 

Our  current  efforts  are  directed  toward  use  of  isoelectric 
focusing  to  obtain  hundred  microgram  quantities  of  homogeneous 
beta-ketothiolase.  (Supported  by  NSF-RUI.) 
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INDUCTION  STUDIES  ON  THE  POLY-B-HYDROXYBUTYRATE  BIOSYNTHETIC  PATHWAY  IN 
ALCALIGENES  EUTROPHUS  H16AND  IN  ESCHERICHIA  COLI.  Helen  Johnson*,  Tracy 
Thranhardt*,  Steven  Slater*,  and  Douglas  Dennis,  Dept,  of  Biol.,  James 
Madison  Univ. ,  Harrisonburg,  Va.  22807.  Poly-B-hydroxybutyrate  can  be 
accumulated  to  very  high  levels  (78%  by  weight)  in  the  bacterium  A^  eutrophus 
H16.  This  accumulation  has  been  shown  to  be  induced  by  many  environmental 
limitations  including  oxygen  deprivation,  nitrogen  deprivation,  magnesium 
limitation  and  sulfate  limitation.  In  order  to  study  the  expression  of  PHB, 
the  PHB  biosynthetic  pathway  from  A.  eutrophus  H16  has  been  cloned  into  EL_ 
coli  LE392.  In  time-point,  non-induction  studies  it  was  determined  that  PHB 
was  accumulated  in  the  E.  coli  recombinants  in  a  manner  similar  to  that  found 
in  eutrophus ■  The  expression  in  the  recombinants  varied  from  clone  to 
clone,  but  in  some  reached  levels  that  were  approximately  50%  of  the  PHB 
expression  in  A.  eutrophus .  To  test  the  possibility  that  PHB  synthesis  is 
regulated  in  the  same  way  in  the  recombinants  that  it  is  in  A^  eutrophus , 
induction  experiments  were  undertaken.  Preliminary  experiments  indicate  that 
the  recombinants  do  indeed  accumulate  PHB  in  response  to  environmental 
limitations . 


USE  OF  THE  SALMONELLA  MUTAGENICITY  TEST  FOR  EVALUATION  OF  MUTAGENIC  ACTIVITY 
IN  ESTUARINE  WATER  SAMPLES.  Elleanore  Moll*,  A.S.  Gordon,  L.  Wolfinbarger 
Jr.,  &  R.W.  Alden  III,  Dept,  of  Biol .,  Old  Dominion  Univ.,  Norfolk,  VA.  23508. 
Hazardous  chemicals  entering  the  environment  are  typically  monitored  by  using 
expensive  and  time  consuming  chemical  analyses  and  bioassays.  Simpler  and 
less  costly  methods  for  determining  the  mutagenic  or  toxic  activity  of 
environmental  samples  are  available.  The  Sal  monel  la  (Ames)  mutagenicity  test 
is  a  very  sensitive  assay  which  determines  the  degree  of  mutagenicity  by 
counting  revertant  colonies  of  bacteria  exposed  to  different  concentrations  of 
a  chemical  or  sample  extract.  The  assay  can  be  coupled  with  a  metabolic 
activation  system  to  activate  procarcinogens.  The  use  of  this  assay  is  being 
investigated  for  determining  mutagenic  activity  in  river  sediments  and  water 
extracts.  The  area  being  studied  is  the  Southern  Branch  of  the  Elizabeth 
River.  Currently,  this  test  is  being  incorporated  into  a  unified  screening 
program  for  detection  of  toxicants  and  mutagens  entering  river  systems. 


GERMINAL  CENTER  B  CELLS  STIMULATE  MIXED  LYPHOCYTE  REACTIONS. 

A. P.  MONFALCONE ,  M.H.  KOSCO,  A.K.  SZAKAL  AND  J.G.  TEW.  MCV/VCU 
RICHMOND,  VA  23298.  In  vivo  and  in  vitro  stimulated  B  cells 
were  compared  with  unsEimulated  B  cells  in  a  mixed  lymphocyte 
reaction  (MLR) .  With  the  growing  acceptance  of  antigen 
presentation  by  B  cells,  the  area  of  lymph  node  follicles  and 
germinal  centers  has  come  under  investigation  as  not  only  a 
site  of  antigen  retention  but  of  antigen  presentation  as  well. 
Using  Percoll  density  fractionation,  and  a  panning  technique 
with  peanut  agglutinin  (PNA) ,  germinal  center  (GCJ  B  cells  were 
isolated  and  added  to  allogeneic  nylon-wool  nonadherent  spleen 
cells.  The  GC  B  cells  were  found  to  be  potent  stimulators  of  a 
primary  MLR.  In  contrast,  spleen  cells  which  were  taken  from 
the  same  animals,  passed  over  G10  sephadex  columns,  Percoll 
density  fractionated,  and  treated  with  anti-thy  1.2  plus 
complement  had  very  little  stimulatory  capacity.  These  G10 

gassed  cells  have  been  reported  by  others  to  be  small  "resting" 
cells  lacking  in  MLR  stimulatory  capacity  unless  stimulated 
for  three  days  with  LPS  and  dextran  sulfate.  The  LPS/Dextran 
treated  cells  were  effective  at  stimulating  an  allogeneic  MLR 
but  the  GC  B  cells  appear  to  be  significantly  more  potent. 

This  data  suggests  that  resting  B  cells  lack  a  costimulatory 
activity  which  they  have  after  mitogen  stimulation  In  vitro. 

PNA  positive  cells  also  have  a  more  potent  expression  of  this 
activity.  Supported  by  NIH  grant  #  AI17142 
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EVIDENCE  FOR  A  FOLLICULAR  DENDRITIC  CELL  ( FDC) -DERIVED  GROWTH 
FACTOR.  Rose  Marie  Piazza*.  Marie  H.  Kosco*,  Andras  K.  Szakal*, 
John  G.  Tew.  Dept,  of  Micro. /Immunology .  MCV/VCU.  Richmond,  VA 
23298.  The  objective  of  this  study  was  to  determine  if  iccosomes, 
released  from  FDCs,  contained  a  growth  factor (s) .  The  iccosomes, 
prepared  by  sonication  of  FDCs,  were  added  to  various  cell 
cultures  including:  an  IL  1  dependent  cell  line,  D10.G4.1,  an 
IL  2  dependent  cell  line,  CTLL;  an  IL  3  dependent  cell  line,  DA-3; 
and  naive  spleen  cells.  Results  showed  that  all  four  groups 
proliferated  in  the  absence  of  exogenous  IL  1,  IL  2  or  IL  3 
respectively.  Negative  controls  included  other  cells  such  as 
peritoneal  and  spleen  cells,  also  prepared  by  sonication.  We 
conclude  that  the  FDC-enriched  sonicates  contained  a  remarkable 
growth  factor  capable  of  stimulating  a  variety  of  cell  types. 

This  factor  may  play  a  role  in  stimulating  active  proliferation 
seen  among  germinal  center  B  cells.  It  may  also  be  a  second 
signal  to  the  B  cell  accounting  for  the  efficiency  of  small 
concentrations  of  antigen  in  the  secondary  immune  response. 
Supported  by  NIH  AI  17142. 


CHARACTERIZATION  OF  ACTIVATED,  PRE-CYTOLYTIC  T  LYMPHOCYTES.  R.P.  Schall*,  J. 
Chandrasekaran^ ,  &  B.M.  Susskind*^,  Depts .  of  Microbiology  and  Immunology*,  & 
Surgery^,  Med.  Col.  of  VA,  Richmond,  VA  23298.  The  amino  acid,  L-ornithine 
(orn),  a  precursor  of  polyamine  biosynthesis,  blocks  the  differentiation  of 
cytotoxic  T  lymphocytes  (CTL)  in  mixed  lymphocyte  cultures  (MLC)  at  an  antigen- 
primed  step.  MLC  washed  free  of  orn  after  3  days  produced  control  levels  of 
antigen-specific  CTL  activity  within  48  hours.  These  studies  were  initiated  to 
examine  characteristics  of  the  orn-blocked  CTL  and  the  requirements  for  their 
differentiation  into  effectors  (CTLe)  following  removal  from  orn.  After  3  days 
of  incubation,  normal  MLC  and  orn-blocked  cells  had  undergone  similar  degrees 
of  blastogenesis ,  as  assessed  by  cell  density  fractionation,  since  cytotoxic 
and  proliferative  capacities  resided  in  identical  fractions.  The  differentia¬ 
tion  of  orn-blocked  CTL  was  relatively  resistant  to  the  effects  of  hydroxy- 
cortisone  when  compared  with  the  primary  MLC.  Glycosylation  was  necessary  for 
differentiation,  as  tunicamycin  completely  inhibited  the  development  of  CTLe, 
and  the  addition  of  exogenous  IL-2  did  not  abrogate  this  inhibition.  In 
addition,  the  activation  of  orn-blocked  CTL  required  DNA,  RNA  and  protein  syn¬ 
thesis,  as  assessed  using  aphidicolin,  actinomycin  D  and  cycloheximide ,  res¬ 
pectively. 

P  SIMPLE,  SOL I D— ST  PTE  ELECTROPHORETIC  PROCEDURE  FOR  SEPPRPTION  OF 
PLPSMID  DNP.  Linda  P._  Sjimurra,  Pndrew  S.  Gordon,  and  Lloyd 
Wol f inbarger,  Jr.,  Dept,  of  Biol.,  Old  Dominion  Univ. ,  Norfolk, 
Va.  £3508.  P  simple  and  rapid  agarose  gel  electrophoresis  method 
has  been  developed  for  the  separation  of  plasmid  DNP  from 
bacteria.  The  method  involves  embedding  bacterial  cells  into 
agarose  blocks  which,  after  appropriate  treatments,  are  placed 
directly  into  the  wells  of  the  agarose  slab.  During 

e 1 ect rophores i s,  chromosomal  DNP  and  bacterial  cell  remnants 
remain  in  the  wells  while  plasmid  DNP  migrates  into  the  gel. 
Treatment  of  the  embedded  cells  includes  acetone,  lysozyme,  SDS, 
RNPase,  and  proteinase  K.  Each  experiment  takes  approximately 
six  to  seven  hours.  The  method  has  been  tested  with  various 
bacterial  strains  with  plasmids  of  known  molecular  size.  This 
new  method  has  the  advantage  of  reduced  shearing  of  DNP  due  to 
handling  during  isolation  and  it  is  less  time  consuming  than 
conventional  methods. 
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CLONING  OF  THE  ALCALIGENES  EUTROPHUS  H16  POLY-B-HYDROXYBUTYRATE  BIOSYNTHETIC 
PATHWAY  INTO  ESCHERICHIA  COL I .  Steven  Slater*,  Helen  Johnson*,  Stacey 
Shults* ,  and  Douglas  Dennis.  Dept,  of  Biol.,  James  Madison  Univ. , 
Harrisonburg,  Va.  22807.  Poly-B-hydroxybutyrate  is  an  important  bacterial 
storage  polymer  that  is  accumulated  in  response  to  environmental  stress.  The 
biosynthetic  pathway  consists  of  the  enzymes  beta  ketothiolase , 
acetoacetyl-CoA  reductase,  and  PHB  synthetase.  In  order  to  clone  the  pathway 
a  cosmid  library  of  the  A^  eutrophus  H16  genome  was  generated  in  E^  coli 
LE392.  Approximately  1000  clones  were  screened  for  beta  ketothiolase 
activity,  resulting  in  6  positive  clones.  These  clones  were  further  analyzed 
for  acetoacetyl-CoA  reductase  activity  and  PHB  synthesis.  Two  of  the  six 
clones  were  positive  for  both  activities.  One  of  these,  pAE175  was  selected 
for  further  analysis.  A  restriction  map  of  pAE175  was  generated  and  two 
major  Eco  RI  fragments  of  the  cosmid  insert  were  subcloned  into  pUC13 
plasmids,  generating  pBK6  and  pBK12.  Plasmid  pBK6  had  only  beta  ketothiolase 
activity,  but  pBK12  had  all  three  activities,  including  PHB  production.  In  a 
final  subcloning  experiment  we  have  located  the  beta  ketothiolase  and  the 
acetoacetyl-CoA  reductase  genes  on  a  3.5  kb  Eco  RI-Bgl  II  fragment  of  pBKl2. 


TINGIBLE  BODY  MACROPHAGES  ( TBM )  EXPRESS  F4/80,  THY  1.2  AND  la  SUR¬ 
FACE  MOLECULES  AS  DEFINED  BY  MONOCLONAL  ANTIBODIES  ( MoAb ) .  J . P . 
Smith .  J.G.  Tew,  and  A.K.  Szakal<  Med.  Col.  Va./Va.  Commomwealth 
Univ . ,  Richmond,  Va .  23298.  Germinal  center  TBM,  a  functionally 
unknown  group  of  cells,  were  recently  shown  to  phagocytize  antigen 
( Ag )  in  the  form  of  immune  complex  coated  bodies  (lccosomes)  re¬ 
leased  by  follicular  dendritic  cells.  This  suggests  that  TBM  might 
have  an  Ag  presenting  role.  To  determine  the  potential  of  TBM  for 
Ag  presentation  (presence  of  la  surface  molecules)  and  to  further 
phenotype  this  subpopulation  of  macrophages  we  developed  an  iso¬ 
lation  technique.  TBM  were  isolated  from  lymph  nodes  via  enzymatic 
digestion  and  enriched  using  discontinuous  Percoll  density  gradient 
centrifugation.  This  resulted  in  an  approximate  20  fold  enrichment 
and  provided  opportunity  for  the  in  vitro  phenotyping  of  TBM.  To 
assess  the  antigenic  phenotype  of  TBM  the  cells  were  cytobucketed 
onto  glass  slides  and  using  indirect  glucose  oxidase  and  peroxidase 
immunocytochemistry  were  reacted  with  several  monoclonal  antibodies 
and  peanut  agglutinin  (PNA) .  Our  results  show  that  TBM  express  la, 
F4/80 ,  and  Thy  1.2  Ag ' s  and  also  bind  PNA.  The  affinity  of  TBM  for 
PNA  is  anticipated  to  facilitate  further  purification  when  used  in 
conjunction  with  panning  techniques.  The  endocytised  Ag  and  the 
expression  of  la  by  TBM  strongly  suggests  that  they  may  have  the 
necessary  qualifications  to  present  Ag  during  the  GC  response. 

The  relevance  of  Thy  1.2  expression  is  not  known  at  this  time.  This 
research  is  supported  by  NIH  grants  AI  17141  and  AG  05374. 


USE  OF  NON-RADIOACTIVE  BIOTINYLATED  PROBES  FOR  DETECTING  HISTONE  H4  MUTATIONS 
IN  YEAST.  A.  Sullivan  &  B.  Mittman,  Univ.  of  Richmond,  Richmond,  VA  23173. 

Due  to  the  high  evolutionary  conservation  of  the  genetic  code  for  histones,  it 
has  long  been  thought  that  any  alteration  of  these  chromosomal  structural  pro¬ 
teins  would  be  lethal  (McGhee  &  Felsenfeld,  1980.)  However,  cells  manipulated 
to  lack  the  normal  histone  H4  gene  survive  when  supplied  with  a  mutant  version 
of  the  gene.  This  research  shows  that,  despite  a  deletion  of  25  amino  acids  at 
the  N-terminus  of  the  protein,  the  histone  is  functional  (Mittman,  1986.)  A 
technique  known  as  a  nitrocellulose  transfer  (Southern,  1975)  is  able  to  ind¬ 
icate  the  differences  between  similar  DNA  sequences,  and  is  used  to  demonstrate 
physically  that  the  altered  DNA  sequence  is  exclusively  present  in  certain 
mutant  strains  of  yeast  and  is  thus  sufficient  for  cell  survival.  A  technique 
using  non-radioactive  biotinylatdd  DNA  probes  is  being  investigated  as  a  safe 
method  of  identifying  relevant  DNA  sequences.  (Supported  by  University  of 
Richmond  Undergraduate  Research  Grant  #22582.) 
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CYTOPATHOLOGY  OF  NAEGLERIA  FOWLER!  FOR  CULTURED  RAT  NEUROBLASTOMA  CELLS.  Kathy 
L.  2oahbv  8.  Franclne  Marclano-Cabral ,  Dept,  of  Micro,  and  Immuno.,  Virginia 
Commonwealth  Univ.,  Richmond,  Va.  23298.  Naeoler ia  fowleri .  an  opportunistic 
pathogenic  ameba,  is  cytopathogenic  for  a  variety  of  mammalian  cells  in  vitro. 
Studies  utilizing  transmission  electron  microscopy  have  established  that 
highly  pathogenic  strains  of  IE  fowleri  destroy  B103  nerve  cells  in  culture  by 
a  contact-dependent  process.  °*CR  labeled  nerve  cells  and  IE.  fowleri  amebae 
were  cocultured  in  the  presence  of  selected  drugs  to  determine  whether 
cytopathic  effects  were  prevented.  Actinomycin  D,  an  RNA  synthesis  inhibitor, 
did  not  inhibit  cytopathogenlclty.  Cycl oheximlde ,  a  protein  synthesis 
inhibitor  reduced  cytopathogenlcity  of  the  amebae.  Inhibitors  of  ion-channel 
formation,  verapamil  and  bepridil,  when  added  during  coculture  of  the  amebae 
with  nerve  cells  had  no  effect  on  Naeglerl a- induced  cytopathogenlcity. 

However,  removal  of  calcium  and  magnesium  ions  from  the  culture  medium  with  5 
mM  EDTA  decreased  amebic  killing  of  B103  cells.  Addition  of  the  lectin, 
Concanavalin  A  to  cocultures  of  [L.  fowleri  and  B103  cells  resulted  in 
inhibition  of  cytopathol ogy .  These  results  suggest  that  destruction  of  nerve 
cells  by  IL.  fowleri  is  a  contact  dependent  process  that  requires  protein 
synthesis  and  the  presence  of  Ca^+  and  Mg^+ .  Supported  by  NIH  grant  21055. 


Psychology 

WEIGHT  PHOBIA  AMONG  COLLEGE  FEMALES:  VALIDATION  OF  BEHAVIORAL  MEASURES. 

Brenda  B.  Counts,  &  Thomas  F.  Cash,*  Dept,  of  Psych.,  Old  Dominion  Univ., 
Norfolk,  Va.  23508.  Weight-phobic  behavior  in  college  women  was  investigated 
during  a  weigh-in  situation.  Weight  phobia  has  been  described  as  the  preoccu¬ 
pation  to  maintain  subpubertal  weight  and  to  avoid  weight  gain.  It  was  pre¬ 
dicted  that  individuals  who  have  a  fear  of  fat,  negative  body  image,  and  a 
feeling  of  loss  of  control  over  eating  behavior  would  exhibit  the  most  behav¬ 
ioral  avoidance  and  anxiety  in  a  weigh-in  situation.  It  was  further 
hypothesized  that  those  who  were  currently  overweight  and  those  of  normal 
weight  with  a  history  of  overweight  would  display  more  weight-phobic  affect 
and  behavior  than  individuals  who  were  normal  weight  with  no  overweight  his¬ 
tory.  Eighty-four  participants  were  tested,  with  80  classified  into  the  three 
above  weight  groups.  Preliminary  results  indicated  that  the  hypotheses  were 
partially  supported  with  data  analyses  still  being  conducted. 

LATENT  INHIBITION  OF  PAVLOVIAN  APPETITIVE  CONDITIONING  IN  RATS.  T.  L.  Davidson, 
James  R.  Greene*,  Dept,  of  Psych.,  Virginia  Military  Institute,  Lexington,  VA. , 
24450,  &  Kelly  D.  Shifflett*,  James  R.  Cotter*,  and  Leonard  E.  Jarrard,  Dept,  of 
Psych.,  Washington  &  Lee  Univ.,  Lexington,  VA,  24450.  One  recent  variation  of 
Pavlovian  conditioning  presents  rats  with  a  brief  tone  or  light  conditioned 
stimulus  (CS)  that  signals  the  occurrence  of  a  food  pellet  unconditioned  stim¬ 
ulus  (US) .  With  training,  the  CS  comes  to  elicit  conditioned  "headjerking" 
(i.e.,  short,  rapid  head  movements).  We  examined  whether  or  not  the  development 
of  conditioned  headjerking  could  be  retarded  or  "latently  inhibited"  by  pre¬ 
exposure  to  the  CS  alone.  Rats  were  given  18  trials  per  day  for  5  days  in 
which  a  5-sec  light  CS  terminated  with  presentation  of  a  .045  g  food  pellet  US. 
The  rats  were  then  assigned  to  three  groups  (n=8)  matched  on  amount  of  head¬ 
jerking  observed  during  the  CS  on  the  last  training  day.  Group  18  received  18 
trials  and  Group  72  received  72  trials  in  which  a  5  sec  tone  was  presented  with¬ 
out  a  US .  A  control  group  was  not  preexposed  to  the  tone.  Finally,  the  tone 
was  presented  as  a  CS  that  terminated  with  the  presentation  of  the  US  for  all 
rats.  The  development  of  conditioned  headjerking  to  the  tone  was  latently 
inhibited  for  Group  72  relative  to  the  control.  Group  18  showed  less  retar¬ 
dation. 
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PLAYING  THE  PERSONALS:  CHARACTERISTICS  OF  MALE  ADVERTISERS  AND  THE  RESULTS 
OF  ADVERTISING  FOR  LOVE.  Chet  H.  Fischer,  Dept,  of  Psychology.  Radford  Urdv. , 
Radford,  Va.  24142.  There  are  approximately  sixty  million  single  adults  in 
the  United  States.  A  central  problem  for  singles  involves  how  to  meet  other 
desirable  partners.  Personals  or  In  Search  Of  advertising  in  city  magazines 
and  local  newspapers  has  been  touted  as  an  ideal  method  for  meeting  other 
acceptable  singles.  Unfortunately,  there  has  not  been  any  actual  sampling 
of  the  persons  who  advertise.  Fifty  randomly  selected  males  who  advertised 
in  the  Washingtonian  magazine  were  contacted.  An  extensive  questionnaire 
was  used  to  answer  questions  concerning  the  characteristics  of  the 
advertisers,  demographics  and  the  results  of  the  ads.  The  results  indicate 
that  males  who  placed  ads  were  only  moderately  satisfied  with  the  results. 

The  problems  associated  with  using  this  method  are  similar  to  the  problems 
associated  with  the  other  popular  methods  of  meeting  others.  As  expected, 
there  were  some  successes  and  some  disappointments.  There  was  also  an 
acknowledgment  that  advertising  offers  no  magical  formulae  for  the  difficult 
task  of  finding  a  desirable  partner. 


WEIGHT  CLASSIFICATION  IN  NORMAL  WEIGHT  FEMALES:  JUDGMENTS  ABOUT  SELF  VS. 
OTHERS.  Karen  Hicks  and  Robin  J.  Lewis*,  Dept,  of  Psych.,  Old  Dominion  Univ. 
Norfolk,  VA  23508.  Females  were  grouped  into  accurate  classifiers  (those  who 
subjectively  and  objectively  fell  into  the  normal  weight  range)  and 
misclassifiers  (those  who  were  within  the  normal  weight  range  but  described 
themselves  as  overweight).  Judgments  were  obtained  about  the  weight  of  male 
and  female  silhouettes.  These  groups  were  also  compared  on  weight  history 
items.  No  differences  between  the  groups  were  found  concerning  judgments  of 
others'  weights  using  the  silhouettes.  Misclassifiers  were  more  likely  to 
have  been  teased  about  being  overweight  as  adolescents  and  reported  feeling 
"fatter"  than  did  accurate  classifiers.  Implications  of  these  results  are 
discussed  in  terms  of  judgments  about  others '  weight,  use  of  the  silhouette 
methodology,  and  the  process  of  weight  classification. 


EFFECTS  OF  GLOBUS  PALLIDUS  LESIONS  IN  RATS  ON  FINE  MOTOR  CONTROL. 
R.C.  Hicks.  E.S.  Hall,  and  J.V.  Harrell,  Dept,  of  Psych.,  Hampden- 
Sydney  Col.,  Hampden-Sydney ,  Va.  23943.  Rats  received  either  bi¬ 
lateral  lesions  of  the  globus  pallidus,  control  lesions  (sensorimo¬ 
tor  cortex),  sham  lesions  of  the  globus  pallidus,  or  were  unopera¬ 
ted.  Lesion  effects  were  ascertained  using  a  force -band/duration 
task.  The  task  required  the  rats  to  limit  the  force  of  forelirab 
paw  presses  on  a  force  transducer  to  a  range  of  20-50  gin  and  to 
hold  this  limited  force  response  for  a  minimum  of  1.5  sec  in  order 
to  produce  water  reinforcers.  Responses  in  which  the  duration  re¬ 
quirement  was  not  met  or  in  which  the  force  emission  strayed  from 
the  preset  range  reset  all  response  criteria.  Results  indicate 
that  rats  With  globus  pallidus  damage ,  as  compared  to  rats  in  other 
conditions,  had  more  variable  force  emissions  postoperative ly  than 
preoperatively.  As  a  consequence  they  received  many  fewer  rein¬ 
forcers  postoperatively  than  they  did  preoperatively.  dlobus  pal¬ 
lidus  rats  experienced  difficulty  in  initiating  responses  postop¬ 
eratively  as  well  as  disruption  of  response  timing  patterns  and 
topographies. 
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HIFPOCAMPUS  AND  MEMORY:  ON  THE  USE  OF  NEUROTOXINS  IN  THE  DEVELOPMENT  OF  ANIMAL 
MODELS  OF  HUMAN  MEMORY  DYSFUNCTION.  Leonard  E.  Jarrard,  J.P.  Bouffard,  and 
L.S.  Johnson,  Dept,  of  Psychol.,  Washington  and  Lee  Univ.,  Lexington,  VA  24450 

A  loss  of  cells  in  the  hippocampus  is  often  found  in  humans  that  have  memory 
disorders  caused  by  ischemia  and  status  epilepticus.  Attempts  to  develop 
animal  models  of  these  conditions  have  suffered  from  an  inability  to  selective¬ 
ly  damage  cells  in  the  hippocampus  without  also  damaging  other  areas  and/or 
fibers  of  passage.  Specifically,  lesions  of  the  hippocampus  made  with  conven¬ 
tional  experimental  techniques  (aspiration,  electrolytic,  radio-frequency)  not 
only  damage  hippocampus  but  interrupt  axons  that  pass  through  the  alveus  and 
fimbria.  Direct  injection  of  neurotoxins  into  the  areas  to  be  damaged  result 
in  damage  that  avoids  many  of  these  problems  since  fibers  of  passage  are  spared. 

In  the  research  to  be  described,  data  will  be  presented  from  two  experiments 
that  involved  injecting  ibotenic  acid  into  either  the  hippocampus  (CA1  cell 
field)  or  the  subiculum-entorhinal  cortex  in  rats.  The  resulting  damage  is 
similar  to  that  reported  following  ischemic  insult  and  that  in  patients  with 
Alzheimer's  disease,  respectively.  The  performance  of  animals  with  these 
ibotenate  lesions  on  complex  memory  tasks  will  be  described. 


A  PRISON,  A  COLLEGE ,  AND  A  SMALL  TOWN:  A  CASE  STUDY  IN  COMMUNITY 
BBHAVIOR.  Bernard  H.  Levin.  Blue  Ridge  Coaaunity  College,  Weyera 
Cave  VA  24486,  Thoaiaa  R.  Israel ,  Augusta  Correctional  Center, 
Craigsville  VA  24430,  &  Jaaes  C.  Sears,  Blue  Ridge  Coaiaiunity 
College.  In  any  econoaically  depressed  area  with  low  population 
density,  significant  change  should  be  expected  whenever  a  new  aiajor 
industry  opens.  When  that  new  industry  is  a  close  custody  (aaxiaua 
security)  prison,  the  changes  are  aany,  interactive,  and  of  lasting 
iapact.  The  scenario  becoaes  of  even  aore  interest  when  a  aajor 
player  is  a  comprehensive  coaaunity  college  whose  presence  in  the 
area  becoaes  aanifest  at  the  saae  tiae.  This  paper  briefly 
exaaines  the  psychosocial  and  econoaic  effects  of  these  two 
institutions. 


OUR  CONSTITUTION  AND  THE  VIRGINIANS .. .A  BICENTENNIAL  OBSERVANCE.  Alf  J.  Mapp , 
Jr. ,  Eminent  Professor,  Old  Dominion  Univ.,  Norfolk,  Va.  23508.  The  role  of 
Virginians  was  crucial  to  all  phases  of  the  historical  period  during  which  the 
principles  were  being  developed  and  debated  and  ultimately  encoded  in  the  docu¬ 
ment  itself.  Prior  to  and  during  the  Convention,  James  Madison's  breadth  of 
intellect  and  incisive  logical  arguements  and  the  inspiring  presence  of  George 
Washington  were  formidable  forces  providentially  united.  Thomas  Jefferson, 
though  in  France  during  the  Convention,  was  as  much  an  intellectual  partner  as 
those  present.  In  the  ratification  debates,  Virginians'  arguements  were  again 
important  due  to  Madison's  role  in  The  Federalist  Papers  and  the  countering  of 
Patrick  Henry's  antagonistic  assaults  in  the  Virginia  Convention.  Mav  25 
marks  the  two  hundredth  anniversary  of  the  opening  session  of  the  Constitution¬ 
al  Convention  at  the  then  Pennsylvania  State  House  in  Philadelphia. 
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PERCEPTION  OF  TEST  RESULTS  AS  A  FUNCTION  OF  HUMAN  VERSUS  COMPUTER 
AS  INTERPRETER.  Curtis  S.  McKee ,  Dept,  of  Psychology,  Radford 
Univ.,  Radford,  Va .  24142.  The  literature  suggests  that  computer¬ 
ized  test  interpretations  can  be  perceived  as  "infallible"  by  the 
client  (e.g.  Eberly  &  Cech,  1986;  Turkington,  1984).  In  this 
study,  134  university  freshmen  responded  to  a  spurious  "personality 
scale"  and  a  week  later  received  identical  personality  descriptions 
(Forer,  1949).  Each  report  contained  the  student's  name,  the 
report  and  an  explanation  which  indicated  that  the  interpretation 
was  made  specifically  for  them  by  either  a  program  on  the 
University  computer,  a  psychology  department  faculty  member,  or 
a  graduate  student  in  the  psychology  department.  Each  subject  was 
then  asked  to  rate  the  report  in  terms  of  its  accuracy,  complete¬ 
ness,  helpfulness  and  other  similar  dimensions.  The  results  of 
this  study  showed  no  difference  in  the  perception  of  the  quality 
of  the  report  on  any  variable  regardless  of  whom  was  represented 
as  the  author.  The  "illusion  of  infallibility"  is  therfore 
questioned  for  this  naive  but  intelligent  population. 


SOCIAL  RE-INTEGRATION  AFTER  SPINAL  CORD  INJURY.  Hal  W.  Pickett  &  Janice 
Sanchez-Hucles ,  Dept,  of  Psvch.,  Old  Dominion  Univ.,  Norfolk,  VA,  &  Julian  M. 
Hickman,  Va.  Spinal  Cord  System,  Fishersville ,  VA.  Post-traumatic  spinal  cord 
individuals  in  the  Va.  Sninal  Cord  System  were  assessed  on  social  adjustment 
dependent  on  locus-of-control  (internal  vs.  external)  and  emotional  repression 
or  sensitization.  Hypotheses  were  that  externally  controlled  sensitizers 
would  be  the  least  socially  adjusted  and  internally  controlled  repressors  would 
be  most  adjusted.  No  statistically  significant  differences  were  found  for  any 
parameter  of  the  adjustment  inventory. 


RADIAL  MAZE  BEHAVIOR  IN  RATS:  EFFECTS  OF  REHEARSAL  AND  DIFFERENT  DELAYS  ON 
MEMORY.  Judith  M.  Ringland  and  Leonard  E.  Jarrard.  Dept,  of  Psychology, 
Washington  and  Lee  University,  Lexington,  VA  24450 

The  effects  of  rehearsal  and  delays  on  spatial  memory  were  assessed  using  a 
match-to-place  task  and  an  8-arm  radial  maze.  Rehearsal  occurred  at  two  levels: 
practice  and  no-practice.  Practice  involved  an  information  trial  plus  5  rehear¬ 
sal  trials  on  the  same  arm.  Delays  of  15  sec,  20  min,  and  24  hr  occurred  at 
both  levels  of  rehearsal.  Different  arms  were  correct  on  different  days.  It 
was  found  that  practice  led  to  fewer  errors  at  all  three  delays.  The  24  hr 
delay  resulted  in  more  errors  overall  than  the  15  sec  and  20  min  delays.  Rats 
ran  faster  on  correct  trials  than  on  trials  when  they  were  incorrect. 

These  results  indicate  that  memory  for  places  is  quite  good  in  rats,  and  that 
this  memory  is  improved  with  rehearsal  and  decreases  with  the  passage  of  time. 
Thus,  memory  for  places  in  rats  is  sensitive  to  the  same  variables  that  are 
important  in  other  types  of  memory. 


COMMUNICATION  BETWEEN  OLDER  FRIENDS  AND  THE  EFFECTS  OF  THAt  INTERACTION  ON  RE¬ 
DUCING  STRESS.  Ellen  R.  Simmons,  Dept,  of  Psychology,  Old  Dominion  Univ., 
Norfolk,  Va.  23508.  The  present  stuay  examined  wnether  older  adult  friends  help 
each  other  cope  with  stress  when  conversing  about  a  stressful  life  event.  Sub¬ 
jects,  aged  40  and  over,  participated  with  a  close  friend  and  were  randomly  as¬ 
signed  to  a  problem-solving,  emotional,  unrelated,  or  alone  conversational  mode. 
The  Multiple  Adjective  Affect  Check  List  (MAACL)  was  administered  to  each  adult 
prior  to  and  after  participation  in  one  of  the  four  modes.  A  one-way  analysis 
of  variance  was  performed  on  MAACL  change  scores  of  depression,  anxiety,  and 
anger.  Results  suggest  a  change  in  depression  scores  for  the  problem-solving 
condition.  These  changes  are  consistent  with  early  studies  that  demonstrated 
problem-solving  discussion  as  a  cause  of  changes  in  negative  affect.  Sugges¬ 
tions  for  further  research  are  discussed. 
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USE  OF  SPIRITUAL  GUIDANCE  TECHNIQUES  BY  PROFESSING  CHRISTIAN  PSYCHOTHERAPISTS 
IN  PRIVATE  PRACTICE.  Everett  L.  Worthington,  Jr.,  Philip  D.  Dupont.  James  T. 
Berry,  and  Loretta  A.  Duncan,  Dept,  of  Psychology,  Va.  Commonwealth  Unlv., 
Richmond,  VA  23284.  This  study  investigates  7  mental  health  professionals' 
work  with  27  adult  clients  using  data  from  92  sessions.  Therapists  and  clients 
(a)  identified  presenting  problems,  (b)  rated  improvement  in  therapy  since  its 
onset,  and  (c)  estimated  severity  of  problems  both  (retrospectively)  at  the  on¬ 
set  of  therapy  and  (later)  at  the  beginning  of  the  study.  Each  week,  thera¬ 
pists  and  clients  reported  their  perceptions  of  the  use  or  nonuse  of  20  spiri¬ 
tual  guidance  techniques  and  rated  the  helpfulness  of  the  session.  Therapists 
saw  a  range  of  problems,  most  often  involving  marriage  and  family  and  personal- 
emotional  concerns.  Therapists  reported  using  spiritual  guidance  techniques 
at  different  frequencies.  These  techniques  were  matched  to  clients  on  the 
basis  of  client  religious  intensity.  Clients  and  therapists  are  cautioned  that 
Christian  therapists  may  differ  substantially  in  use  of  spiritual  guidance 
techniques,  expertise,  and  therapy  outcome;  consequently,  Christian  counseling 
should  not  be  treated  as  a  unitary  phenomenon. 


Statistics 


COPING  WITH  IMPROPER  SOLUTIONS  IN  FACTOR  ANALYSIS:  AN  INFORMATION- THEORETIC 
APPROACH.  Hamparsum  Bozdogan  and  Donald  E,  Ramirez,  Department  of  Mathematics, 
University  of  Virginia,  Charlottesville,  Va.  22903,  U.  S.  A.  In  empirical 
data,  one  difficulty  besetting  the  orthogonal  factor  model  is  the  presence  of 
improper  solutions.  Improper  solutions  occur  in  small  samples  as  well  as  in 
large  samples.  This  paper  studies  several  remedies  to  cope  with  improper 
solutions  based  on:  deletion  of  offending  variables,  scaling  the  correlation 
matrix,  and  Bayesian  approach  via  Akaike's  (1973)  Information  Criterion  (AIC) , 
and  Bozdogan' s  (1987)  Consistent  Akaike's  Information  Criterion  (CAIC) . 
Numerical  examples  are  shown  on  real  data  sets  demonstrating  how  to  identify 
the  number  proper  factors  using  these  different  procedures. 


I- COMP :  A  NEW  MODEL- SELECTION  CRITERION  FOR  GENERAL  MULTIVARIATE  INPUT-OUTPUT 
TYPE  STRUCTURAL  MODELS.  Hamparsum  Bozdogan,  Department  of  Math,  University  of 
Virginia,  Charlottesville,  VA. ,  22903.  This  paper  introduces  a  new  entropic  or 
information-theoretic  measure  of  complexity  called  I-COMP  for  model  selection 
for  general  multivariate  linear  and  nonlinear  structural  models  based  on  the 
original  work  of  Van  Emden  (1971)  and  the  generalizations  of  the  work  of  Maklad 
and  Nichols  (1980).  Recently,  in  the  literature  based  on  Akaike's  (1973) 
original  AIC,  many  other  model-selection  criteria  which  take  the  form  of  a 
penalized  likelihood  (a  negative  log  likelihood  plus  a  penalty  term)  are  pro¬ 
posed.  I-COMP  takes  the  spirit  of  AIC,  but  it  is  a  fundamentally  different 
procedure  than  AIC  in  the  sense  that  I-COMP  is  based  on  matrix  norm  character¬ 
izations  of  the  measure  of  complexity  of  a  model.  A  model  with  minimum  I-COMP 
is  chosen  to  be  the  best  model  among  all  possible  alternative  models.  Mini¬ 
mization  of  I-COMP  provides  a  trade-off  between  the  accuracy  of  the  estimated 
parameters,  as  measured  by  the  interactions  among  the  parameters,  and  the 
independent  normal  errors.  Thus,  this  leads  to  a  parsimony  of  description  of 
the  fitted  models.  Numerical  examples  are  shown  to  demonstrate  the  utility 
and  generality  of  the  new  criterion  to  some  problems  of  multivariate  analysis. 
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ON  THE  ELEMENTARY  THEOREMS  OF  DECISION  THEORY.  Narasin^a  Rao 
Chaganty ,  Dept  of  Math.  6  Stat.,  Old  Dominion  Univ.,  Norfolk, 

Va.  23508.  Consider  a  statistical  decision  problem  in  which 
nature  has  a  finite  number  of  states.  The  elementary  theorems 
of  decision  theory,  namely  the  Minimax  theorem,  the  Complete 
class  theorem,  and  theorems  on  the  structure  of  admissible  rules, 
are  proved  in  most  texts  under  the  assmptions  that  the  risk 
set  is  closed  from  below  and  bounded  from  below.  The  condition 
that  the  risk  set  is  bounded  from  belo w  is  sufficient  for  the 
existence  of  the  lower  boundary  points;  however,  that  it  is 
not  necessary  can  be  seen  from  simple  examples.  The  purpose 
of  this  paper  is  to  extend  the  elementary  theorems  of  decision 
theory  to  include  the  case  in  which  the  risk  set  is  not  bounded 
from  below  and  the  set  of  lower  boundary  points  is  nonempty. 

We  aso  show  that  if  the  risk  set  is  bounded  from  above  then 
it  is  necessary  for  the  risk  set  to  be  bounded  from  below  for 
the  set  of  lower  boundary  points  to  be  nonempty.  We  present 
examples  to  illustrate  our  theorems. 


TREND  TESTS  FOR  PROPORTIONAL  RESPONSES  IN  DEVELOPMENTAL  TOXICITY  EXPERIMENTS. 
Vernon  M.  Chinchilli,  Dent,  of  Biostatistics,  Medical  College  of  Va.,  Va. 
Commonwealth  Univ. ,  Box  32,  Richmond,  Va.  23298-0001,  $  B.  Christine  Clark, 
A.H.  Robins  Company,  1211  Sherwood  Ave.,  Richmond,  Va.  23220.  The  data  from 
developmental  toxicity  experiments  usually  are  very  difficult  to  analyze 
statistically  because  of  the  lack  of  independence  among  littermates  and  the 
random  nature  of  the  litter  size.  Only  a  few  of  the  models  that  have  been 
nronosed  in  the  literature  have  accounted  for  both  of  these  features.  One  of 
the  models  proposed  by  Van  Ryzin  (1975,  Sankhya  B  37,  10-27)  is  invoked  in 
order  to  construct  a  test  of  trend  (dose-response).  The  construction  is 
achieved  via  a  statistical  technique  called  isotonic  regression.  The  trend 
test  based  on  isotonic  regression  is  relatively  straightforward  to  calculate, 
and  when  the  number  of  dose  groups  (including  control)  is  four  or  less  the 
significance  of  the  observed  result  is  easily  determined.  An  example,  in 
which  fetolethality  is  the  endpoint  of  interest,  demonstrates  the  test. 


CANONICAL  DISCRIMINANT  ANALYSIS  OF  BLOOD  PLASMA  SPECTROPHOTOMETRIC  ABSORBANCES 
FROM  NORMAL  HUMANS  AND  PATIENTS  WITH  GASTRIC/DUODENAL  ULCERS  AND  STOMACH 
CANCER.  Germille  Colmano,  and  L.M.  Evans*,  Dept.  Vet.  Biosci. ,  Coll.  Vet. 
Med.,  VPI  &  SU,  Blacksburg,  VA,  24061.  Blindly  numbered  blood  serum  samples 
from  the  Mayo-NCI  Serum  Diagnostic  Bank  were  spectrophotometrical ly  scanned 
and  the  digitized  absorbances  of  aminoacids  in  pools  of  proteins  were  used 
as  variables  in  a  two  group  analysis  to  detect  differences  between  27  patients 
with  stomach  cancer  and  42  non-cancer  patients.  A  four  group  analysis  gave 
three  significant  discriminant  functions  that  resulted  in  a  100%  correct 
classification  between  serum  samples  of  27  cancer,  21  upper  intestinal 
conditions,  9  arthritis,  and  10  normal  individuals. 

MODEL-ROBUST  PREDICTION  IN  REGRESSION  THROUGH  A  MIXTURE  OF  THE  LEAST  SOUARES 
AND  KERNEL  METHODS.  Richard  L.  Einsporn  and  Jeffrey  B.  Birch,  Dept,  of  Statis 
tics,  Va.  Polytechnic  Inst,  and  State  Univ.,  Blacksburg,  Va.  24061.  For  both 
least  squares  and  nonparametric  kernel  regression,  prediction  at  a  given  re¬ 
gressor  location  is  obtained  as  a  weighted  average  of  the  observed  responses. 
In  making  such  predictions,  the  model-based  least  squares  approach  tends  to 
emphasize  observations  at  more  extreme  regressor  locations,  while  the  model- 
free  kernel  approach  gives  heavier  weights  to  local  observations.  This  paper 
presents  a  method  for  obtaining  an  improved  set  of  prediction  weights  by  strik 
ing  the  proper  balance  between  the  least  squares  and  kernel  regression  weight¬ 
ing  schemes.  This  balance  is  acheived  through  a  mixing  of  the  corresponding 
hat  matrices,  and  the  mixing  parameter  is  chosen  adaptively  on  the  basis  of 
cross-validation. 
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SIMULATION  OF  CONDITIONAL  DISTRIBUTIONS  AND  GOODNESS-OF-FIT  OF  THE  JELINSKI- 
MORANDA  MODEL.  Larry  D.  Lee,  Dept,  of  Math.  Sci.,  Old  Dominion  Univ., 
Norfolk,  Va.,  23508,  &  George  B.  Finelli ,  NASA  Langley  Research  Ctr., 

Hampton,  Va.,  23665-522^  This  paper  suggests  examining  the  assumption  of 
exponent iality  in  the  Jelinski  and  Moranda  model  conditionally,  given  the 
sufficient  statistic.  Methods  are  proposed  for  simulating  the  appropriate 
conditional  distribution  of  failure  times  TlfT2,...,Tr  recorded  over  a  fixed 
interval  (0,t).  The  simulation  methods  can  be  used  in  testing  goodness-of- 
fit  of  the  Jelinski-Moranda  model  and  other  models  which  are  equivalent 
conditionally  to  the  Jelinski-Moranda  model. 

IMPROVED  ASSESSMENT  OF  RESPONSE  SURFACE  DESIGNS,  Ann  G- Jensen  &  Raymond  H. 
Myers,  Dept,  of  Statistics,  VPI  &  SU,  Blacksburg,  VA.  24061.  In  an  experiment 
to  search  for  the  optimum  response  of  a  surface  it  is  advantageous  to  predict 
the  response  with  equal,  or  nearly  equal,  precision  at  all  locations  that  are 
the  same  distance  from  the  center  of  the  experimental  design.  Rotatable 
designs  give  equal  variances  of  predicted  values  corresponding  to  locations  on 
the  same  sphere.  However,  there  is  a  need  for  a  method  to  quantify  the 
prediction  capability  on  spheres  for  non-rotatable  designs.  This  paper 
introduces  two  measures  which  describe  the  dispersion  in  the  variances  of  the 
predicted  responses  at  all  locations  that  are  equidistant  from  the  design 
center.  These  prediction  variance  dispersion  measures  are  used  to  evaluate 
the  ability  of  a  design  to  estimate  the  response  with  consistent  precision 
at  locations  which  are  the  same  distance  from  the  design  center.  Plots  of 
the  spherical  variance  and  the  maximum  and  minimum  prediction  variances  for 
locations  on  a  sphere  against  the  radius  of  the  sphere  are  used  to  assess  the 
prediction  capabilities  of  a  design.  The  plots  are  also  used  to  investigate 
the  robustness  of  a  design  under  adverse  experimental  conditions. 


COMPARING  TESTS  JUDGED  ASYMPTOTICALLY  EQUALLY  EFFICIENT.  Edward  P.  Markowski, 
MIS/Decision  Sciences,  Old  Dominion  University,  Norfolk,  VA  23508.  For  comparing 
two  competing  testing  procedures  whose  power  functions  cannot  be  calculated 
exactly,  the  Pitman  asymptotic  relative  efficiency  is  commonly  used.  This 
measure  offers  the  advantages  of  simplicity  in  computation  and  interpretation, 
but  is  asymptotic  in  nature.  In  particular,  it  cannot  distinguish  between 
certain  pairs  of  tests,  namely,  those  with  an  asymptotic  relative  efficiency  of 
1.  In  this  paper,  we  offer  an  alternative  basis  for  making  finite  sample 
comparisons  between  tests  judged  asymptotically  equally  efficient.  The  criteria 
for  comparison  is  based  on  the  ratio  of  efficacies.  Using  this  new  criterion,  we 
consider  a  series  of  examples  in  which  two  tests  with  an  ARE  of  1  are  compared 
for  finite  n.  In  each  case,  either  exact  or  simulated  power  curves  are  used  to 
evaluate  the  effectiveness  of  this  criterion  in  properly  discriminating  between 
the  competing  test  procedures.  Lastly,  conditions  are  specified  where  the 
proposed  criterion  should  be  most  effective. 


REML  ESTIMATION  OF  THE  GENERAL  LINEAR  MODEL  WITH  DEPENDENT  ERRORS. 

C.A.  McGilchrist* ,  Dept,  of  Statistics,  V.P.I.&S.U.,  Blacksburg,  Va  24061. 

During  recent  years  simulation  studies  have  demonstrated  that  maximum  likelihood 
estimation  of  variance  component  parameters,  simultaneously  with  regression 
parameters,  in  the  general  linear  regression  model  may  lead  to  serious  biases 
in  the  estimators  of  those  components.  In  response  to  this  difficulty,  residual 
maximum  likelihood  estimation  has  been  introduced  by  Patterson  and  Thompson  and 
Harville.  It  has  been  shown  that  this  technique  has  much  reduced  bias.  It  is 
intended  to  show  that  the  Patterson  and  Thompson  technique  is  uniquely  defined 
and  that  it  is  equivalent  to  a  marginal  likelihood  argument.  Moreover,  the 
method  may  also  be  generated  by  establishing  a  hierarchy  in  the  likelihood 
equations  and  requiring  that  each  estimating  equation  be  unbiassed  when 
parameters  are  replaced  by  their  estimators.  Such  ideas  are  applied  to  the 
linear  model  with  dependent  errors.  General  expressions  for  the  residual 
maximum  likelihood  estimators  are  obtained,  based  on  the  Cholesky  factorisation 
of  the  variance  matrix.  Methods  of  obtaining  the  Cholesky  factorisation  are 
considered.  Some  results  of  a  simulation  study  of  biases  of  ML  and  REML 
estimators  in  ARMAX  models  are  presented. 
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TERRACE  CONSTRUCTIONS  FOR  BORDERED,  TWO-DIMENSIONAL  NEIGHBOR 
DESIGNS.  John  P.  Morgan,  Dept,  of  Math. and  Stat. ,  Old  Dominion 
Univ. ,  Norfolk,  Va.  23508.  Some  terrace  constructions  for 
bordered  row  and  column  designs  with  balance  of  nearest  neighbors 
are  presented,  consideration  being  given  to  row,  column,  and 
diagonal  neighbors.  For  the  number  of  treatments  v^3,  v£0  (mod 
4),  side-bordered  v  x  v(v-l)  arrays  with  neighbor  balance  in  each 
of  these  directions  are  constructed.  If  v  is  odd  the  size  may  be 
reduced  to  (v+l)/2  x  v(v-l)/2.  v=0  (mod  4)  requires  two 

side-bordered  arrays  of  size  v  x  v(v-l)/2.  Two  series  in  v/2 
rows  with  overall  neighbor  balance  are  constructed  for  even  v. 
Fully  bordered  designs  with  neighbor  balance  in  each  of  the 

directions  are  constructed  as  follows:  (i)  for  v  =  v  v  odd, 

12 

of  size  v  (v-l)/2  x  v2(v-1)/2;  (ii)  for  v  =  v1v2 '  v*°  (m°d  4),  of 
size  v  (v-1)  x  v  (v-1) ;  (iii)  for  v  =  wv  v  ,  v  and  v  are  odd 
t 

and  w=2  for  t>2 ,  m  two  arrays  of  size  v  (v-1)  x  wv2(v-l)/2. 
Torus  designs  are  also  discussed. 


SIMULTANEOUS  ESTIMATION  OF  P  EXPONENTIAL  MEANS.  Patricia  A.  Pepple,  Dept,  of 
Math.  Sci.,  Va.  Commonwealth  Univ.,  Richmond,  Va.  23284.  The  problem  of 
simultaneously  estimating  p  exponential  means  is  investigated  when  the  param¬ 
eters  are  believed  a  priori  to  be  similar  in  size.  Hierarchical  Bayes  (HB) 
and  empirical  Bayes  (EB)  estimators  are  developed  which  shrink  the  usual  esti¬ 
mate  toward  a  prior  estimate.  The  size  of  the  shrinkage  is  dependent  upon  the 
agreement  of  the  observed  data  with  the  prior  estimate.  The  HB  estimator  ap¬ 
pears  to  be  an  attractive  alternative  to  the  estimators  proposed  by  Berger 
(1980),  Ghosh  and  Auer  (1983),  and  Das  Gupta  (1986). 


WHITHER  JACKKNIFING  ?  Pranab  K.  Sen,  Dept,  of  Biostatistics,  Univ.  North  Carol¬ 
ina,  Chapel  Hill,  NC  27514.  The  Quenouille  (1956)  theory  of  'Jackknifing'  has 
emerged  as  a  very  basic  tool  for  reduction  of  bias  and  estimation  of  variance  in 
a  wide  class  of  statistical  inference  problems.  The  Efron  (1979)  theory  of  boot¬ 
strapping  is  a  favorite  topic  of  current  research,  and  there  are  some  situations 
where  it  may  be  used  but  not  the  jackknifing.  However,  a  closer  examination  re¬ 
veals  that  the  glittering  image  of  bootstrapping  has  started  to  fade  away,  while 
jackknifing  still  occupies  a  central  position  with  respect  to  its  dual  objective 
es.  This  relative  picture  is  presented  with  especial  emphasis  on  the  role  of  the 
jackknifing  methods  in  finite  population  sampling  and  in  shrinkage  estimation 
theory . 


USING  ANOVA  AND  ANACOVA  WITH  DESCRIPTIVE  DATA;  AN  ALTERNATIVE.  G.  Geoffrey 
Vinlng ,  Dept,  of  Stat.,  Va.  Polytechnic  Inst.,  Blacksburg,  Va.  24061,  and 
Gerald  W.  McLaughlin,  Office  of  Inst.  Res,,  Va.  Polytechnic  Inst.  24061. 

Many  applications  of  the  Analysis  of  Variance  (ANOVA)  and, the  Analysis  of 
Covariance  (ANOCOVA)  involve  analyzing  existing  sets  of  data  with  no  random 
assignment  to  treatment.  The  central  issue  in  many  of  these  analyses  concerns 
the  repeatability  of  the  results.  The  traditional  approaches  to  ANOVA  and 
ANOCOVA  fail  to  consider  this  question.  This  paper  applies  the  PIESS  sta¬ 
tistic,  a  cross  validating  technique  developed  in  regression  analysis,  to 
ANOVA  and  ANOCOVA  problems.  It  is  shown  that  the  PRESS  statistic  may  be 
used  to  develop  a  simple,  heuristic  alternative  which  is  superior  in  some 
ways  to  the  traditional  analysis. 
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DETERMINING  THE  MOST  APPROPRIATE  SAMPLING  INTERVAL  FOR  A  SHEWHART  X-CHART. 

(I.  Geoffrey  Vining,  Dept,  of  Stat.,  &  M.  R.  Reynolds,  Dept,  of  Stat.  and  For., 
Va.  Polytechnic  Inst.,  Blacksburg,  Va.,  24061.  When  a  control  chart  is  used 
to  monitor  a  process,  the  time  interval  between  samples  is  usually  fixed.  This 
sampling  interval  can  be  chosen  based  upon  information  about  costs  and  the 
behavior  of  the  process.  A  common  problem  encountered  in  practice  is  deter¬ 
mining  when  it  is  appropriate  to  change  the  sampling  interval  as  the  process 
improves  or  deteriorates.  This  paper  investigates  the  problem  of  selecting 
and  changing  the  sampling  interval  used  in  Shewhart  X-charts.  Duncan's  eco¬ 
nomic  model  (1956)  is  used  to  develop  a  relationship  between  the  appropriate 
sampling  interval  and  the  present  rate  of  disturbances,  where  a  disturbance 
is  a  shift  in  the  process  mean  to  an  out  of  control  state.  It  is  shown  that 
in  most  situations  the  control  chart  width  can  be  fixed  at  three  standard 
error  limits  and  that  changes  in  the  rate  of  disturbances  can  be  accommodated 
by  changing  only  the  sampling  interval.  A  procedure  is  proposed  which 
switches  the  sampling  interval  to  convenient  values  whenever  a  significant 
change  in  the  rate  of  disturbances  is  detected.  An  example  using  simulation 
is  used  to  demonstrate  the  procedure  and  to  evaluate  potential  costs  savings. 
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A  Compilation  of  Published  Reports  of  Diatoms 
From  Virginia  Fresh  Waters, 

Exclusive  of  the  Potomac  River  Boundary  Waters 

Terry  L.  HufFord 

Department  of  Biological  Sciences 
The  George  Washington  University 
Washington,  D.C.  20052 


The  earliest  published  record  known  to  this  author  of  Virginia  freshwater 
diatoms  was  that  of  Christian  Gottfried  Ehrenberg  (1854,1856).  Ehrenberg 
reported  150  species  from  Virginia,  72  of  which  are  today  recognized  as  valid 
taxa  by  Patrick  and  Reimer  (1966,1975)  and/or  VanLand i ngham  ( 1 96 7 — 1 9 79)  •  The 
next  record  of  Virginia  freshwater  diatoms  was  noted  in  Charles  S.  Boyer's 
"Synopsis  of  North  American  Diatomaceae"  (1927) • 

John  H.  Wallace  (i960)  published  a  list  of  eight  new  species  or  varieties 
found  as  a  result  of  studies  by  the  Limnology  Department  of  the  Academy  of 
Natural  Sciences  of  Philadelphia  on  rivers  in  Eastern  and  Southern  United 
States.  The  type  locality  of  one  was  given  as  the  North  Anna  River,  Louisa 
County;  a  second  was  mentioned  as  occurring  in  the  North  Fork  of  the  Holston 
River  in  Smyth  County,  although  its  type  location  was  elsewhere.  Ruth  Patrick 
(1961)  lists  eighty-eight  different  species  or  varieties  in  her  paper,  "A  study 
of  the  numbers  and  kinds  of  species  found  in  rivers  in  eastern  United  States." 
The  paper  apparently  resulted  from  the  same  studies  mentioned  by  Wallace,  as  the 
two  Virginia  sites  included  in  Patrick's  paper  are  the  same  as  those  of  Wallace; 
the  North  Anna  and  the  North  Fork  of  the  Holston. 

From  1962  onward,  numerous  reports  of  Virginia  diatoms  were  published  (Forest 
1962,  Whitford  1964,  Woodson  and  Holoman  1964,  1965.  Patrick  and  Reimer  1 966 , 
Woodson,  Holoman  and  Quick  1 966 ,  Eckblad  and  Woodson  1969.  Woodson  1969. 
Marshall  and  Poore  1972,  Obeng-Asamoa  and  Parker  1972,  Parker,  Obeng-Asamoa  and 
Samsel  1972,  Poore  and  Marshall  1972,  Woodhouse,  Obeng-Asamoa  and  Parker  1973. 
Woodson  and  Wilson  1973,  Patrick  and  Reimer  1975.  Hall,  Prescott  and  Buikema 

1976,  Marshall  1976,  Woodson,  Hawthorne,  Mosby  and  Seaburg  1976,  Hilgert,  et  al. 

1977.  Marshall  1979,  Kuhn,  Plafkin,  Cairns  and  Lowe  1981,  Atchue,  Marshall  and 
Day  1982,  Seaburg  and  Parker  1 98 3 .  and  Woodson  and  Seaburg,  1 983) - 

The  results  of  these  studies  are  compiled  in  table  1.  A  total  of  367  species, 
varieties,  or  forms  are  herein  reported.  The  compilation  excludes  the  boundary 
waters  of  the  Potomac  River  and  the  tidal  waters  of  the  Potomac  and  other 
Virginia  rivers  such  as  the  York.  To  conserve  space,  a  variety  of  symbols  are 
used  in  the  table.  These  are  indexed  at  the  beginning  of  table  1.  Table  2. 
lists  the  references  used  in  compiling  the  data  presented  in  table  1,  by  number, 
while  table  3  represents  a  compilation  of  notes  concerning  problem  or  uncertain 
taxa  contained  in  table  1. 
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Table  2.  Key  to  References  Cited  in  Table  1. 
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Table  3-  Key  to  notes  cited  in  Table  1. 


TAXON  H 


NOTES 


9  Not  in  P&R(=Patrick  &  Re i mer , 1 966 . 1 973) 

27  Uncertain  epithet;  may  refer  to  Ca 1  one i s  s i 1 i cu 1  a 

(Ehr.)  Cl.  or  C.  si  1 i cu 1  a  var .  q i bberu 1  a  (Kutz.)  Cl.  In  either 
case  the  taxon  would  be  synonymous  with  C.  ventr i cosa 

(Ehr.)  Meist.  of  P&R;  C.  s i 1 i cu 1  a  (Ehr.)  Cl.  of  Cata 1 oq  (VanLand i ngham, 
1967-1979). 

31  Not  in  P&R 

36  Not  i n  P&R 

!*9  Identity  of  epithets  "asperum"  and  "qastroi  des"  obscure  (P&R) 

51  No  authority  given,  thus  it  is  not  known  if  citation  refers  to  C.  qrac i 1 i s 

(Ehr.)  Kutz.  or  C.  qrac i 1 i s  (Rabh.)  Cl.  (See  discussion  in  P&R 
re  C.  1 unata  W.Sm.) . 

56  Uncertain  epithet.  Perhaps  it  refers  to  Cymtophora  macul ata  Breb.  = 

Cymbe 1 1  a  1 eptoceros  (Ehr.)  Kutz. 

62  See  discussion  in  P&R  concerning  C.  1 unata  W.  Sm. 

66  May  be  included  in  C.  mi nuta  Hilse  group  (See  discussion  in  P&R  i.e.,  C. 

mi nuta  var.  si  1 es i aca  (Bleisch)  Reim.) 

72  Probably  refers  to  Gomphonema  qemi natum  (Lyngb.)  Ag.  =  D i dymosphen i a 
qemi natum  (Lyngb.)  M.  Schmidt,  according  to  P&R. 

81  Not  in  P&R. 


89 

Uncertai n 

epi thet, 

but 

probabl y 

refers 

to 

E. 

maior  (W.  Sm.)  Rabh. 

9k 

Uncertai n 

epi thet, 

but 

probably 

refers 

to 

E. 

praerupta  Ehr. 

95 

Uncertai n 
Patr  . 

epi thet, 

but 

probab 1 y 

refers 

to 

E . 

serra  var.  diadema  (Ehr.) 

96 

Uncerta i n 

ep i thet , 

but 

probab 1 y 

refers 

to 

E. 

sudet i ca  0 .  Mull. 

103 

Uncertain  epithet,  but 
F.  crotonensis  Kitton. 

may  refer 

to  F_. 

crotonensis  var.  prolonqata  Grun  = 

106  Questionable  taxon  according  to  Cata 1 oque . 


126  Not  in  P&R. 

127  Not  in  P&R. 

129  Uncertain  epithet,  but  may  refer  to  G.  montanum  Schum. 

130  Uncertain  epithet,  but  probably  refers  to  G.  ol ivaceum  (Lyngb.)  Kutz. 

131  Uncertain  epithet,  could  refer  to  G.  parvulum  Kutz.  or  G.  parvul a  Rabh. 

Both  are  synonymous  with  G.  parvu 1  urn  (Kutz.)  Kutz. 
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TAXON  #  NOTES 


137  Uncertain  epithet  but  would  seem  to  be  synonymous  with  G.  constr i ctum  var. 
cap i tatum  (Ehr.)  Grun.  (according  to  Catalog). 

Gomphonema  c 1 avatum  Ehr.  =  G.  constr i ctum  var.  c 1 avatum  (Ehr.)  Patr. 

according  to  P&R  or  G.  constr i ctum  var.  cap i tatum  (Ehr.)  Grun.  according 
to  VanLand i ngham.  As  P&R  places  G.  constr i ctum  var.  cap i tatum  in 
synonomy  with  G.  truncatum  var.  capi tatum,  G.  c 1 avatum  Ehr.  would 
appear  to  belong  here. 

140  Uncertain  epithet  but  probably  refers  to  Gyros i qma  accum i natum  (Kutz.)  Rabh 
Uncertain  epithet  but  probably  refers  to  G.  accumi natum  (Kutz.)  Rabh. 

Navi cul a  f 1 exuosa  is  tentatively  placed  in  Gyros i qma  acum i natum  (Kutz.) 

Rabh.  by  VanLand i ngham;  P&R  places  the  taxon  in  a  group  of 
"illegitmate  or  of  uncertain  application"  taxa  of  Gyros i qma . 

142  Not  in  P&R. 

147  Uncertain  epithet  but  thought  to  refer  to  G.  spencer i i  (Quek.) 

Griff.  &  Henf r . 

155  Uncertain  epithet  by  undoubtedly  refers  to  M.  qranu 1 ata  (Ehr.)  Ralfs 

160  Hustedt  (1930).  D i e  Suswasser-f lora  Mi tteleuropas.  Gustav  Fisher  Verlag, 
Jena.  466p. 

163  Uncertain  epithet  but  probably  refers  to  Mer i d i on  c i rcu I  are  (Grev.)  Ag. 

176  Not  in  P&R. 

178  Uncertain  epithet  but  probably  refers  to  Navi cul a  cuspi data  (Kutz.)  Kutz. 

181  Not  in  P&R;  Uncertain  epithet  but  probably  refers  to  N.  d i cepha 1  a  Ehr. 

182  Invalid  or  doubtful  entry. 

185  Not  in  P&R. 

186  Not  in  P&R. 

189  Not  in  P&R. 

194  Invalid  or  doubtful  entry. 

195  Not  in  Catalogue. 

204  Not  in  P&R 

212  Illegitimate  or  doubtful  entry. 

213  Not  in  P&R. 

214  No  such  epithet.  May  refer  to  Nav i cu 1  a  subcap i tata  var.  pauc i str i ata  Grun., 

now  known  as  P i nnu 1 ar i a  subcap i tata  var.  pauc i str i ata  (Grun.)  Cl., 
or  to  N.  subcap i tata  (Greg.)  Ralfs,  now  known  as  P i nnul aria 
subcapi tata  Greg. 

216  VanLand i ngham  states  that  Nav i cu 1  a  tr i punctata  (0.  Mull.)  Bory  is  an 

indefinable  taxon. 

217  Not  in  P&R. 


23b 

262 

263 

265 

270 

275 

276 

288 

289 

293 

298 
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No  such  epithet.  Perhaps  this  is  a  typing  error  and  should  read  M  (er i d i on) 
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Epithet  uncertain  but  assumed  to  refer  to  Sceptrone i s  fibula  (Breb.)  Ross. 

P i nnul ar i a  hemi ptera  (Kutz.)  Rabh.  is  not  the  correct  name  for  this  taxon 
according  to  P&R.  Should  be  P.  accumi nata  W.  Sm. 

P.  d i cephal a  Ehr.  is  similar  to  P.  b i ceps  Greg,  according  to  P&R  but 
they  did  not  place  it  in  synonomy. 

Unknown  epithet.  Not  in  P&R  or  in  Catalogue. 

Not  in  P6R. 

Not  in  P&R.  An  invalid  or  doubtful  entry. 
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An  invalid  or  doubtful  entry. 

Not  in  P6R. 

Not  a  valid  taxon  according  to  P&R 
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Invalid  or  doubtful  entry. 

Specific  epithet  not  known.  Not  in  P&R  or  in  Catalogue. 

Invalid  or  doubtful  entry. 

Invalid  or  doubtful  entry. 

Invalid  or  doubtful  entry. 
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ABSTRACT 

Sorption  of  copper  from  seawater  by  the  marine  bacterium  Vibrio 
al ytic ti®  was  determined.  Measurable  copper  was  found 
associated  with  the  cells  in  the  absence  of  added  copper.  When 
copper  was  added  to  seawater  in  the  range  2  to  30  X10-^  M, 
additional  copper  was  sorbed  by  the  cells.  Kinetics  of  copper 
uptake  were  biphasic  with  an  initial  rapid  uptake  followed  by  a  slow 
accumulation  which  plateaued  after  12.5  hours.  The  initial  uptake 
was  readily  pH  reversible.  Sorption  exhibited  saturation  at  an 
equilibrium  copper  concentration  of  9X10-?  M  when  5X10^  cells  ml-1 
were  present  in  suspension.  The  saturation  value  for  copper 
adsorption  corresponded  to  the  toxic  dosage  of  copper  for  this 
organism  which  we  previously  observed.  Uptake  of  copper  by  living 
cells  was  slightly  but  significantly  greater  than  that  of  heat 
killed  cells. 

The  results  suggest  that  bacterial  sorption  of  copper  may  be  an 
important  mechanism  for  incorporation  of  copper  into  the  particulate 
phase  of  natural  waters  and  thus  into  the  food  chain. 

INTRODUCTION 

Sorption  of  heavy  metals  by  microorganisms  is  a  well  documented  phenomenon 
(McCalla,  1990;  Tornabene  and  Edwards,  1972;  Tornabene  and  Peterson,  1975; 
Christ  et  al .  1981;  Kurek  et  al.  1982;  Harvey  and  Leicke,  1985)  and  may  be 
economically  useful  in  metal  recovery  from  dilute  solutions  (Norris  and  Kelly, 
1979).  In  natural  waters,  metal  sorption  by  microorganisms  may  be  an 
important  factor  determining  metal  speciation  and  may  facilitate  incorporation 
of  heavy  metals  into  the  food  chain  (Harvey  and  Luoma,  1985).  Bacteria  may  be 
an  important  complexing  agent  for  trace  metals  in  seawater  due  to  their 
negative  charge  (Aaronson,  1 9 8 1 ) ,  high  surface  to  volume  ratio  and  their 
abundance . 

Cell  surface  associated  polymers  such  as  exopolysaccharide  may  be 
important  in  trace  metal  binding  by  bacteria  (Mittleman  and  Geesey,  1985).  The 
acidic  groups  on  these  bacterial  exopolymers  could  serve  as  sites  for  sorption 
of  metals  by  bacteria.  However,  alginolyticus  has  been  shown  to  produce  a 
peptide  which  complexes  copper  when  this  bacterium  is  challenged  with  copper 
(Schreiber,  1984).  Therefore  molecules  other  than  polysaccharides  may  also  be 
important  in  bacterial  complexation  of  metals. 

Recently  Harvey  and  Leicke  (1985)  have  demonstrated  significant  sorption 
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of  lead  from  seawater  by  marine  bacteria  and  suggested  that  the  process 
involves  two  distinct  phases;  a  rapid  reversible  sorption  followed  by  a  slow, 
linear  uptake  with  time.  Neither  process  involved  active  uptake. 

Active  uptake  of  metals  could  also  be  a  mechanism  of  metal  sequestration 
by  bacteria.  For  example,  bacteria  may  concentrate  copper  internally  as  a 
means  of  detoxification  (Jones  et  al^  1976).  Alternatively,  the  bacteria  may 
excrete  substances  which  complex  metals  (Schreiber  et  al^  1984). 

Recently  we  have  been  investigating  the  interactions  of  Vibrio 
alginoly t icus  and  copper  in  seawater  (Schreiber,  1984;  Schreiber  et  al . 
1  985).  The  toxicity  of  copper  to  the  bacterium  (Schreiber  et  al^  1  985)  and 
the  influence  of  the  bacterium  on  copper  speciation  when  the  cells  were  grown 
on  glucose  in  culture  have  been  examined  (Schreiber,  1984).  In  the  presently 
described  experiments  we  investigated  the  uptake  of  copper  from  seawater  by 
the  bacterium  in  the  absence  of  any  added  energy  source.  Cell  associated 
copper  was  determined  at  ambient  seawater  copper  levels  (no  added  copper)  and 
in  the  presence  of  added  copper.  The  purpose  of  the  experiment  was  to 
estimate  the  degree  to  which  copper  can  become  associated  with  bacterial  cells 
in  seawater  and  hence  the  potential  influence  of  bacteria  on  the  form  of 
copper  in  seawater  i.e.  organic  versus  inorganic,  dissolved  versus 
particulate.  The  influence  of  cell  viability,  copper  concentration  and  time 
on  copper  sorption  by  the  cells  were  determined. 

MATERIALS  AND  METHODS 

The  marine  bacterium  Vibrio  alginol y t icus  was  used  in  this  study.  The 
strain,  originally  isolated  from  Biscayne  Bay,  Florida,  has  been  described 
elsewhere  (Gordon  et  al.  1983).  This  species  is  common  in  temperate  and 
subtropical  nearshore  waters  (Baumann  and  Baumann,  1981). 

Seawater  was  collected  in  20  liter  bottles  from  the  surface  of  the 
Gulf stream  ca.  12  miles  east  of  Miami,  Florida.  The  salinity  was  adjusted  to 
35  °/oo  with  deionized  water  after  filtration  of  the  water  through  a  0.2  p 
Millipore  filter.  Seawater  thus  prepared  is  hereafter  referred  to  as  GSSW. 
In  experiments  where  cell  suspensions  were  acidified,  HC1  (Baker  analyzed  <3 
ppb  Cu)  was  added  (50  pl/16  ml)  to  reduce  the  pH  to  2. 

The  cells  were  grown  to  stationary  phase  (18  h)  in  pure  culture  in  a 
minimal  salts  medium  (Schreiber  et  al.  1985)  with  glucose  as  sole  carbon  and 
energy  source.  The  cells  were  diluted  with  GSSW  to  give  a  concentration  of 
5X10'  per  ml  as  indicated  by  absorbance  at  520  nm.  The  correlation  between 
cell  numbers  and  absorbance  was  previously  determined  (Gordon,  1982).  The 
diluted  suspension  of  cells  was  centrifuged  at  12,000  xg  for  20  min.  and 
resuspended  in  GSSW.  The  washing  procedure  was  then  repeated. 

Dead  cell  suspensions  were  prepared  by  placing  16  ml  of  washed  cell 
suspension  in  a  62°  C  oven  for  45  min.  The  cells  treated  in  this  way  did  not 
grow  on  Tryptic  Soy  Agar  (TSA)  or  exhibit  motility  when  observed  with  phase 
contrast  microscopy.  There  was  no  change  in  the  turbidity  of  the  suspension 
or  any  indication  of  cell  lysis  when  the  suspensions  were  observed 
microscopically . 

Cell  suspensions  (16  ml)  were  exposed  to  copper  in  30  ml  centrifuge 
tubes.  Control  tubes  contained  only  copper  and  GSSW.  All  tubes  were  silanized 
to  prevent  copper  adsorption  to  the  vessel  walls.  After  exposure  to  copper, 
the  tubes  (experimental  and  controls)  were  centrifuged  (12,000  xg;  20  min.) 
and  the  resulting  supernatant  was  acidified  to  pH  1.5,  to  break  any  copper- 
organic  complexes  that  could  be  present  in  the  solution,  and  analyzed  for 
copper . 

Copper  was  analyzed  by  differential  pulse  anodic  stripping  voltammetry 
(Princeton  Applied  Research  Model  384  with  SMDE  model  303)-  Acidified  samples 
were  purged  with  02~free  argon  and  the  copper  concentration  was  quantitated  by 
standard  addition  of  cupric  sulfate.  The  specific  parameters  programmed  for 
polarographic  analysis  were  as  follows:  initial  potential  -0.900  volts;  final 
potential  -0.050  volts;  purge  time  initially  240  s,  30  s  after  each  addition; 
drop  time  1.0  s;  scan  increment  2  mV;  deposition  time  60  s;  equilibration  30 
s;  pulse  height  0.050  volts.  The  baseline  was  calculated  using  tangent 
fitting.  The  height  of  the  copper  peak  and  of  the  copper  peak  after  each  of 
three  standard  additions  of  copper  were  plotted  as  a  function  of  added  copper 
concentration.  The  best  line  fitting  the  data  was  determined  by  linear 
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regression.  The  original  concentration  in  the  solution  was  then  calculated 
from  the  slope  and  intercept  of  the  line. 

Copper  associated  with  the  cells  was  calculated  from  the  difference  in 
copper  concentration  measured  in  the  tubes  containing  bacteria  and  control 
tubes.  Errors  represent  the  sum  of  the  errors  in  determination  of  the  cell 
concentration,  and  the  copper  concentration  in  both  the  control  and 
experimental  tubes. 
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Figure  1. 

Sorption  of  copper  from  seawater  by  V.  alginolyticus  with  time.  The  copper 
concentration  was  5X10  7  M  with  5X107  bacteria  ml1.  Error  bars  are  the 
sum  of  all  standard  error  terms  involved  in  the  calculation 
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Figure  2. 

Sorption  of  copper  by  V.  alginolyticus  as  a  function  of  residual  copper 
concentration  (Ceq)  in  seawater.  The  first  point  (2.4,  1.75)  is  the  sorption  of 
copper  by  the  cells  in  seawater  without  copper  addition. 
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RESULTS 


The  bacteria  rapidly  sorbed  copper  from  solution  in  seawater  (Fig.  1). 
The  initial  phase  of  the  uptake  was  so  rapid  that  it  was  complete  even  when 
the  cells  were  placed  immediately  into  the  centrifuge  after  addition  of 
copper.  The  initial  rapid  uptake  was  followed  by  a  slow  accumulation  of 
copper  into  the  cell  fraction  which  apparently  plateaued  after  12.5  hours 
(Fig.  1). 

When  the  cultures  were  equilibrated  with  5X10“^  M  copper  for  one  hour  and 
the  culture  was  acidified  to  pH  2  Before  removal  of  the  cells  by 
centrifugation,  copper  was  no  longer  found  to  be  associated  with  the  cell 
fraction.  The  copper  released  by  acidification  was  actually  more  than  the 
copper  level  in  the  blank.  The  copper  released  by  this  procedure  amounted  to 
4X10"^  mol/cell.  Acidified  and  non-acidi f ied  control  tubes  were  not 
significantly  different.  The  excess  copper  amounted  to  3X10-1®  mol/cell. 
Most  of  the  excess  copper  released  over  that  added  could  be  accounted  for  in 
acidified  cultures  to  which  no  copper  was  added  (2X10“ mol/cell).  Thus  the 
excess  was  associated  with  the  cell  surface  at  equilibrium  with  the  copper  in 
seawater  at  background  copper  concentrations. 

The  heat  killed  cell  suspensions  took  up  30%  less  copper  than  the  live 
cell  suspensions  from  an  initial  concentration  of  1.5X10“®  M.  This  difference 
was  significant  (p<0.1)  as  determined  by  the  t-test. 

The  uptake  of  copper  into  the  cell  fraction  due  to  the  initial  rapid 
uptake  (sampling  time=  1  hr)  exhibited  saturation  at  1x10“®  M  (Fig.  2). 
Values  in  Figure  2  have  been  corrected  for  copper  associated  with  the  cells  in 
the  absence  of  added  copper.  The  maximum  sorption  of  copper  at  saturation  was 


8.1X10' 


■  18 


mol/cell. 


DISCUSSION 

readily  accumulated  copper  from  seawater  at  both 
ambient  and  above  ambient  concentrations.  The  initial  uptake  was  rapid 
followed  by  a  slow  uptake  over  a  12  hour  period.  The  uptake  kinetics  were 
therefore  similar  to  those  observed  in  other  studies  of  microbial  metal 
sorption  (Harvey  and  Leicke,  1985;  Norris  and  Kelly,  1979).  The  initial  phase 
of  the  uptake  was  readily  pH  reversible  supporting  the  contention  that  the 
binding  sites  in  the  initial  uptake  phase  are  at  or  near  the  cell  surface  and 
that  a  cation  exchange  mechanism  may  be  involved.  Negatively  charged  surface 
sites  may  be  associated  with  acidic  polysaccharide,  phospholipid  or  protein. 

Living  cells  accumulated  more  copper  than  dead  cells  suggesting  that  the 
process  may  be  energy  dependent.  This  is  somewhat  suprising  considering  the 
fact  that  copper  is  toxic  to  Vibrio  alginoly t icus  (Schreiber  et  al^  1985). 
When  expressed  on  a  per  cell  basis,  the  levels  of  copper  used  in  the  present 
study  encompass  the  toxic  concentration  as  reported  by  Schreiber  et  al.  (1985) 
(TC50  =  6.4  jiM  with  4x10®  cell/ml).  This  organism  produces  a  peptide  which 
complexes  copper  when  challenged  with  toxic  levels  of  copper  (Schreiber, 
1984).  It  is  therefore  possible  that  copper  complexing  agents  synthesized 
by  the  living  cells  in  response  to  copper  are  responsible  for  the  increased 
uptake  of  copper  we  observed  in  viable  cells. 

The  adsorption  density  of  copper  on  the  cells  calculated  using  cell  size 
estimated  from  scanning  electron  micrographs  of  the  cells  (Gordon,  1982)  and 
the  maximum  concentration  of  copper  adsorbed  (Fig.  2)  was  7x10-11  mol  cm-2. 
This  value  is  within  the  range  of  sorption  density  for  lead  sorption  by  marine 
bacteria,  0.4  to  10x10“^  mol  cm-2,  reported  by  Harvey  and  Leicke  (  1985). 
That  study  also  showed  that  sorption  density  was  dependent  on  the  cell 
concentration  at  a  fixed  metal  concentration.  We  observed  variations  in  the 
sorption  density  as  a  function  of  copper  concentration  (Fig.  2).  The 
sorption  density  of  metals  on  bacterial  cells,  then,  appears  to  be  dependent 
on  the  metal  to  cell  ratio.  Variations  between  values  of  sorption  densities 
obtained  in  this  and  other  studies  may  be  due  to  differing  exchange  capacity 
of  the  surface  of  different  strains  as  well  as  differing  stoichiometry  in 
complex  formation  with  different  metals. 

It  is  interesting  to  note  that,  when  considered  in  terms  of  copper  to  cell 
ratio  the  plateau  region  in  Figure  2  corresponds  to  the  TCcq  value  reported 
for  copper  toxicity  to  this  organism  by  Schreiber  et  al^  (1985).  Thus,  within 
the  experimental  error,  the  concentration  where  the  surface  becomes  saturated 
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and  the  toxic  level  are  the  same.  It  is  possible,  therefore,  that  the  copper 
complex  formed  on  the  cell  surface  during  the  initial  sorption  process  is  not 
toxic  to  the  cell.  However,  once  the  readily  available  surface  sites  are 
saturated,  copper  penetrates  into  the  cell  where  it  becomes  toxic.  This 
penetration  would  correspond  to  the  second  slow  uptake  which  has  been  observed 
in  bacterial  metal  sorption. 

In  summary,  we  found  that  copper  is  readily  sorbed  by  bacteria  in  seawater 
exhibiting  a  biphasic  uptake  pattern  similar  to  that  previously  reported  for 
lead  uptake  by  other  gram  negative  bacteria.  Sorption  densities  were  of  the 
same  order  of  magnitude  as  that  reported  for  lead.  Bacteria  equilibrated  with 
seawater  with  no  copper  added  had  significant  amounts  of  copper  associated 
with  cellular  material  which  was  readily  released  by  acidification  of  the  cell 
suspensions.  Thus  significant  amounts  of  copper  may  be  expected  to  be 
incorporated  into  the  particulate  fraction  in  natural  waters  due  to  bacterial 
sorption  and  can  be  incorporated  into  the  food  chain  via  this  mechanism. 
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Opossums  were  made  to  feign  death  and  were  observed 
under  naturalistic  conditions.  Opossums  observed 
from  a  hidden  blind  recovered  from  death- fe ign  ing 
significantly  sooner  than  opossums  observed  at  close 
range.  These  data  support  a  conclusion  that  the 
opossum  maintains  some  level  of  sensory  awareness 
during  death-feigning. 

The  Virginia  opossum  ( Didelph  is  marsupial is)  is  one  of  the 
few  marsupials  apparently  successful  in  competing  with  placental 
mammals  for  available  resources  (McManus,  1970)  .  A  number  of 
physiological  and  behavioral  characteristics  are  likely  to 
contribute  to  the  animal's  successful  adaptation.  The  opossum 
is  able  to  ingest  foods  noxious  to  other  animals  (McManus,  1970) 
and  are  known  to  be  resistant  to  snake  venoms  (Kilmon,  1976; 
Werner  and  Vick,  1977).  They  are  also  relatively  insensitive  to 
pain  and  broken  bones  (Francq,  1969;  Gewalt,  1972) .  This  stoic 
nature  is  a  significant  factor  in  the  opossum's  defensive 
behavior.  This  animal  presents  a  death-feigning  response  to 
aggressive  encounter.  When,  for  instance,  a  domestic  dog  seizes 
an  opossum  it  is  common  to  hear  the  sound  of  ribs  and  other 
bones  breaking.  The  opossum  responds  to  such  violent  aggression 
by  curling  its  body  ventrally  and  remaining  motionless  until  the 
attack  ceases.  Many  aspects  of  the  death- fe ig n ing  response  are 
well  documented  (Francq,  1969;  McManus,  1970);  however,  previous 
studies  have  not  quantified  differential  response  to 
environmental  cues  during  the  death-feigning  episode.  One  might 
assume  that  an  opossum  would  be  more  fit  if  it  could  vacate  the 
area  of  attack  at  an  opportune  time.  If  an  opossum  tries  to 
escape  too  early  it  risks  incurring  additional  attacks. 
Conversely,  if  it  feigns  death  too  long  it  risks  the  return  of 
the  predator  or  perhaps  a  scavenger  (as  well  as  some  loss  in 
potential  foraging  time) .  The  hypothesis  is  that  an  opossum 
will  recover  from  death-feigning  significantly  faster  when  the 
aggressor  leaves  the  immediate  vicinity.  Additionally,  there  is 
some  conflict  in  the  literature  (Norton  et  al .  ,  1964  ;  Francq, 
1969)  over  changes  in  the  death- fe ign  ing  response  over  repeated 
trials.  Radnor  and  Thompson  (1960)  stated  that  tonic  immobility 
responses  in  chickens  decrease  with  repeated  exposure  to  the 
same  stimulus.  The  notion  is  that  organisms  may  habituate  to  a 
stressing  stimulus  and  exhibit  less  pronounced  death-feigning 
behavior  with  succeeding  encounters.  Therefore,  we  hypothesized 
that  death-feigning  time  would  grow  shorter  over  several  trials. 

METHOD 

Seven  male  and  six  female  opossums  ranging  from  340.3  g  to 
2835.0  g  were  obtained  by  live  trapping  and  hand  catching  during 
June,  July,  and  August  1985.  Opossums  were  in  varying  states  of 
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health.  One  had  lacerations  on  its  left  front  foreleg,  and 
another  showed  signs  of  extreme  ectoparasite  infestation.  Since 
opossums  raised  in  a  laboratory  show  very  little  death- fe  ign  ing 
response  (Francq,  1969)  ,  it  was  considered  preferable  to  use 
live-trapped  or  hand-caught  animals.  Opossums  were  transported 
to  a  wooded  lot  where  they  were  caged  separately  in  dense 
underbrush  in  wire  mesh  cages  ranging  from  approximately  60  cm  x 
60  cm  to  120  cm  x  120  cm,  all  about  36  cm  in  height.  Water  and 
commercial  dog  chow  were  freely  available.  All  opossums  were 
left  unmolested  for  24  h  after  transportation.  Opossums  were 
kept  for  five  days  during  testing  and  were  then  released.  All 
opossums  were  tested  between  1800  h  and  2030  h  to  avoid 
potential  circadian  differences  in  dea th- f e ig n  ing  response 
(Ratner  and  Thompson,  1960)  . 

Death-feigning  was  elicited  once  per  day  with  each  animal 
over  the  course  of  four  days  of  actual  testing.  Each  animal  was 
tested  twice  in  the  "continued  threat"  condition  and  twice  in 
the  "absence  of  threat"  condition.  The  order  of  these  treatment 
conditions  was  randomly  assigned. 

Each  opossum  was  removed  from  its  cage  and  taken  to  the 
testing  area  approximately  10  m  away.  A  loop  of  binder's  twine, 
secured  to  the  ground  by  a  stake,  was  placed  loosely  around  the 
opossum's  neck.  Earlier  tests  on  six  other  animals  showed  that 
the  method  of  restraint  facilitated  repeated  measures  and  also 
resembled  natural  materials  more  than  other  means  of  restraint. 

Death-feigning  was  induced  by  shaking  the  opossums  by  the 
nape  of  the  neck  for  a  period  of  180  seconds  (one  opossum  failed 
to  feign  death  on  one  occasion  and  was  shaken  for  30  seconds 
longer).  Length  of  death-feigning  response  was  recorded  either 
with  the  experimenter  seated  approximately  18  inches  from  the 
opossum  (continued  threat)  or  by  observing  the  opossum  with 
binoculars  from  an  enclosed  blind  15  m  from  the  testing  area 
(absence  of  threat).  Recovery  from  dea th- f e  ig n  ing  was  defined 
as  complete  when  the  opossum  righted  itself  and  lifted  its  belly 
clear  of  the  ground.  Seven  males  and  six  females  were  tested. 

RESULTS 

Latencies  until  recovery  from  death- fe ig n ing  were  analyzed 
by  a  2  x  2  x  2  mixed  factorial  design  with  sex  as  a  fixed  factor 
and  both  trials  and  treatment  condition  as  repeated  factors. 
This  design  allowed  for  the  testing  of  all  main  effects  and 
interactions.  Times  for  death- fe ig n ing  ranged  from  .62  min  to 
58.17  min,  with  the  majority  of  times  less  than  3.58  min.  The 
mean  for  the  threat  condition  was  14.24  ( SD ,  14.30)  while  the 
mean  for  the  absence  of  threat  was  3.25  (SD,  5.50)  .  Due  to 
heterogeneity  of  variances  of  the  latency  measures,  the 
assumption  of  compound  symmetry  was  violated.  Therefore,  the 
original  data  were  subjected  to  a  logarithmic  transformation 
(Myers ,  1979)  . 

Results  showed  a  significant  main  effect  for  treatment 
condition  (F  (1,9)  =  10.13  P  <  0.01)  with  death-feigning  times 
significantly  longer  in  the  continued  threat  condition.  No 
other  main  effect,  or  interaction,  was  significant. 

Breathing  rates  were  observed  on  eight  randomly  selected 
opossums.  Two  observers  counted  thoracic  expansions  in 
dea th- f e  ig n  ing  and  normal  waking  states.  There  was  a  significant 
difference  in  breathing  rate  (_t  =  8.20  d  .  f .  1,7)  between  normal 
and  death- fe ign ing  opossums.  Normally  alert  opossums  had  a  mean 
respiratory  rate  of  79.4  breaths/min  (SE  7.73)  ,  while 
death- fe ig n  ing  opossums  exhibited  a  breathing  rate  of  26.1 
breaths/min  ( SE  1.77).  The  results  are  in  accord  with  previous 
studies  (Wiedorn,  1954;  McManus,  1970). 
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DISCUSSION 

Results  of  this  study  provide  evidence  that  the  opossum 
can  be  expected  to  recover  from  the  death-feigning  state  sooner 
when  the  aggressor  leaves  the  area  of  encounter  as  opposed  to 
instances  when  the  aggressor  remains  nearby.  No  sex  differences 
were  observed  in  length  of  dea th- f e ig n ing .  There  was  no 
evidence  for  differences  in  length  of  death-feigning  response 
over  the  four  trials. 

The  death- fe igning  state  has  previously  been  compared  with 
syncope  (Lowery,  1974)  as  well  as  catatonia  (Wiedorn,  1954)  .  The 
analogy  with  syncope  may  be  inaccurate  in  that  the  opossum  does 
seem  to  monitor  its  environment  during  death-feigning.  (Gallup 
and  Maser  [1977]  cite  some  evidence,  however,  that  catatonics 
may  monitor  their  surroundings.)  Additional  research  can 
investigate  the  senses  important  in  monitoring  surroundings 
during  death- fe ign ing .  Studies  might  analyze  differences  in 
death-feigning  response  after  blocking  various  sensory 
modal  it ies . 

Death-feigning  has  been  studied  in  several  other  species 
(Gallup  and  Mazur  1977) .  Perhaps  because  this  behavior  is 
highly  developed  in  the  opossum,  further  research  might  add  to 
the  basic  understanding  of  death- fe  ign  ing  behavior  in  many 
species.  These  data  suggest  the  opposum  maintains  some  level  of 
sensory  awareness  during  death-feigning.  This  could  be  a 
general  principle  of  death- fe ign  ing  behavior  across  species 
(Gallup  and  Mazur,  1977)  as  well. 
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ABSTRACT 

Polygyriscus  virginianus  (Burcb,  1947)  is  the  only 
species  of  snail  in  Virginia  on  the  Federal  Endangered 
Species  List.  Shells  have  been  found  only  along  a  9.9 
km  distance  of  the  New  River  bluffs  in  Pulaski  County, 
Virginia.  Living  snails  are  restricted  to  a  70  m 
distance  within  this  9.9  km.  To  date,  only  27  living 
specimens  have  ever  been  observed.  Data  listed  for  the 
146  specimens  collected  since  1937  include  i)  collection 
date,  ii)  collector,  iii)  present  location  of  shell,  iv) 
shell  width,  v)  maximum  width,  vi)  shell  thickness,  vii) 
aperture  width,  viii)  aperture  height,  and  ix)  number  of 
body  whorls. 


INTRODUCTION 

Although  first  collected  in  1937,  the  taxonomic  position  of 
Polygyriscus  virginianus  (Burch,  1947)  wasn't  established  until 
Solem  (1975)  was  able  to  examine  soft  body  parts  and  place  it  in 
the  Family  Helicodiscidae.  Solem  (1976)  has  indicated  that  this 
snail  is  one  of  the  rarest  of  North  American  land  snails.  Shells 
have  been  collected  from  only  a  9.9  km  region  along  the  bluffs  of 
the  New  River  in  Pulaski  County,  Virginia.  Of  the  146  documented 
specimens  collected  since  1937,  only  27  were  living.  Of  these, 
at  least  23  were  preserved  prior  to  its  becoming  protected  as  an 
Endangered  Species  (listed  in  1978). 

Originally  described  from  a  single  talus  rockpile  of  about  9 
square  meters  (Burch,  1947),  Grimm  (1981)  expanded  its  range  to 
about  1  km.  Batie  (1987)  further  expanded  its  range  after  an 
intensive  year-long  search  during  which  he  found  30  specimens  (29 
shells,  1  living  adult).  Living  snails  have  been  found  only 
within  a  70  m  long  stretch  along  the  river  bluffs.  Living  snails 
have  apparently  been  sighted  in  the  field  only  four  times:  2  - 
Burch,  1948;  21  -  Hubricht,  1971;  3  -  Grimm,  1981;  1  -  Batie, 
1986.  Living  juveniles  have  not  been  seen  in  the  field  since 
1971 . 

Although  Polygyriscus  is  a  difficult  snail  to  collect,  it  is 
easy  to  recognize  in  the  field.  The  fully  grown  adult  is  about  4 
mm  across  with  a  strongly  deflected  aperture  (fig.  1).  The 
deflection  is  so  strong  that  about  the  last  1/4  of  the  body  whorl 
is  detached  from  the  rest  of  the  shell  and  deflected  toward  the 
umbilicate  side  at  about  a  60  degree  angle.  It  is  the  only  snail 
in  the  eastern  U.S.  with  such  a  deflected  aperture.  It  has  never 
been  found  in  leaf  litter.  It  has  been  characterized  as  a 
burrowing  calciphile  (Hubricht,  1985).  Grimm  (1981)  reported 
that  it  was  found  at  depths  up  to  60  cm  (2  ft)  in  among 
fragmented  pieces  of  dolomitic  limestone  (Elbrook  formation) 
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Figure  1. 

Shell  of  Polygyriscus  virginianus  (Burch,  1947).  Field  Museum  of  National 
History  catalogue  number  173234;  from  Salem,  1975  (reproduced  by 
permission  of  author). 
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mixed  with  rootlets  and  loose  clay.  Batie  (1986)  has  found  it 
living  as  shallow  as  10  cm  (4  inches)  under  moist  limestone 
rocks.  Although  it  has  never  been  observed  directly  on  the 
surface,  Solem  (1976)  states  that  it  may  well  come  to  the  surface 
during  wet  weather.  Eroded,  highly  weathered  shells  have  been 
collected  as  shallow  as  1  cm  in  loose  clayey  soil  (Batie,  1986). 
It  is  not  known  if  the  position  of  these  near-surface  shells  is 
the  result  of  snails  crawling  toward  the  surface  or  of  shells 
being  eroded  from  and  washed  down  the  face  of  the  bluffs. 

METHODS 

Measurements  of  6  different  shell  features  included: 

1)  Shell  Width  -  measured  from  the  outer  edge  of  the  shell  at  a 

point  just  behind  the  deflection  of  the  last  body  whorl 
across  the  central  spire  to  the  opposite  side. 

2)  Maximum  Shell  Width  -  measured  from  the  edge  of  the  deflected 

aperture  to  the  opposite  side. 

3)  Shell  Thickness  -  measured  on  the  last  body  whorl  at  the 

point  just  behind  where  the  shell  deflection  starts. 

4)  Aperture  Width  -  measurement  of  the  greatest  width  of  the 

aperture  opening  including  the  thickness  of  the  shell. 

5)  Aperture  Height  -  greatest  height  of  the  aperture  measured 

from  a  line  across  the  outer  edge  of  the  parietal  wall 
to  the  top  of  the  aperture  including  the  thickness  of 
the  shell. 

6)  Number  of  Body  Whorls  -  body  whorls  were  counted  from  the 

center  of  the  spire  of  the  shell  on  the  non-umbilicate 
side  to  the  deflected  aperture.  Whorl  number  was 
rounded  to  the  nearest  1/4  whorl. 

All  measurements  were  made  with  a  B&L  0.7-  3  X  stereozoom 
dissecting  microscope  with  10X  wide  field  ocular  lenses  using 
a  single  ocular  micrometer. 


RESULTS 

During  this  study,  every  attempt  was  made  to  locate  and 
record  all  known  specimens  of  this  Endangered  Species  of  land 
snail  (table  1).  Currently,  the  146  known  specimens  are  housed 
in  4  U.S.  museums,  2  private  collections  (both  of  which  are 
extensions  of  U.S.  museums),  1  State  Agency  and  2  foreign 
countries.  The  size  range  of  shell  widths  (table  2)  was  from 
1.24  mm  (specimen  #  58)  to  3.52  mm  (specimen  #  73).  These  2 
specimens  also  showed  the  greatest  difference  in  number  of  body 
whorls  (1  1/2  to  4  1/2).  Since  age  structure  and  growth  rates  of 
this  species  are  unknown,  mean  size  of  shells  may  be  a  misleading 
population  statistic.  It  was  noted,  however,  that  if  the  data 
were  artificially  divided  by  1  mm  increments  in  shell  width 
(table  3),  then  few  smaller  snails  were  represented.  Assuming 
constant  sampling  efficiency  for  all  size  classes,  these  data 
indicate  that  the  smaller  snails  grow  quickly  to  the  3  mm  and 
larger  size  class.  It  may  be  that  this  species  reaches  maximum 
size  and  reproduces  within  a  single  season,  although  presently 
there  are  no  direct  field  observations  to  confirm  this. 
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.e  1. 

Collection  Data 

for  Polygyriscus 

virginianus 

(Burch , 

1947)  from  1937 

through  1986. 

cimen 

Collection 

Collector 

Present 

mber 

Date 

Location 

1 

8-20-37 

PRB 

NMNH 

cat. 

no. 

472977 

2 

1947 

PRB 

NMNH 

Holotype 

Collec- 

tion 

cat . 

no. 

488470 

3 

1947 

PRB 

ANSP 

cat . 

no. 

183550 

4 

1947 

PRB 

ANSP 

cat . 

no. 

183550 

5 

1947 

PRB 

NMSF 

cat . 

no . 

257717 

6 

1947 

PRB 

NMSF 

cat . 

no. 

257717 

7 

1947 

PRB 

NMSF 

cat . 

no . 

257717 

8 

1947 

PRB 

UMMZ 

cat. 

no. 

172192 

9 

1947 

PRB 

PCJB , 

not 

catalogued 

10 

1947 

PRB 

PCJB , 

not 

catalogued 

11 

1947 

PRB 

PCJB, 

not 

catalogued 

12 

1947 

PRB 

Paratype 

missing 

13 

1947 

PRB 

Paratype 

missing 

14 

8-48 

PRB  &  JBB 

ANSP 

cat . 

no. 

191717 

15 

8-48 

PRB  &  JBB 

ANSP 

cat . 

no. 

191717 

16 

12-30-64 

FWG 

NMNS 

ca  t . 

no. 

57703 

17 

12-30-64 

FWG 

NMNS 

cat . 

no. 

57703 

18 

12-30-64 

FWG 

NMNS 

cat . 

no. 

57703 

19 

12-30-64 

FWG 

NMNS 

cat . 

no. 

57703 

20 

12-30-64 

FWG 

NMNS 

cat . 

no. 

57703 

21 

12-30-64 

FWG 

NMNS 

cat . 

no. 

57703 

22 

12-30-64 

FWG 

NMNS 

cat . 

no. 

57703 

23 

12-30-64 

FWG 

NMNS 

ca  t . 

no. 

57703 

24 

12-30-64 

FWG 

NMNS 

cat . 

no. 

57703 
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Table  1  (cont. ) 


Specimen 

Number 

Collection 

Date 

Collector 

Present 

Location 

25 

12-30-64 

FWG 

NMNS 

ca  t . 

no. 

57703 

26 

12-30-64 

FWG 

NMNS 

cat . 

no. 

57703 

27 

12-30-64 

FWG 

NMNS 

ca  t . 

no. 

57703 

28 

12-30-64 

FWG 

NMNS 

cat . 

no. 

57703 

29 

12-30-64 

FWG 

NMNS 

cat . 

no. 

57703 

30 

12-30-64 

FWG 

NMNS 

cat. 

no. 

57703 

31 

12-30-64 

FWG 

NMNS 

cat . 

no. 

57703 

32 

12-30-64 

FWG 

NMNS 

cat . 

no. 

57703 

33 

12-30-64 

FWG 

NMNS 

ca  t . 

no. 

57703 

34 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

35 

7-12-66 

FWG 

NMNS 

cat . 

no . 

57702 

36 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

37 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

38 

7-12-66 

FWG 

NMNS 

cat. 

no . 

57702 

39 

7-12-66 

FWG 

NMNS 

cat. 

no. 

57702 

40 

7-12-66 

FWG 

NMNS 

ca  t . 

no. 

57702 

41 

7-12-66 

FWG 

NMNS 

ca  t . 

no . 

57702 

42 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

43 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

44 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

45 

7-12-66 

FWG 

NMNS 

cat. 

no. 

57702 

46 

7-12-66 

FWG 

NMNS 

cat . 

no . 

57702 

47 

7-12-66 

FWG 

NMNS 

cat . 

no . 

57702 

48 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

49 

7-12-66 

FWG 

NMNS 

cat . 

no . 

57702 

50 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

51 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

52 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

53 

7-12-66 

FWG 

NMNS 

cat . 

no . 

57702 

54 

7-12-66 

FWG 

NMNS 

ca  t . 

no. 

57702 

55 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

56 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

57 

7-12-66 

FWG 

NMNS 

cat. 

no. 

57702 

58 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

59 

7-12-66 

FWG 

NMNS 

cat. 

no. 

57702 

60 

7-12-66 

FWG 

NMNS 

cat . 

no . 

57702 

61 

7-12-66 

FWG 

NMNS 

cat . 

no . 

57702 

62 

7-12-66 

FWG 

NMNS 

ca  t . 

no. 

57702 

63 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

64 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

65 

7-12-66 

FWG 

NMNS 

cat. 

no. 

57702 

66 

7-12-66 

FWG 

NMNS 

ca  t . 

no. 

57702 

67 

7-12-66 

FWG 

NMNS 

ca  t . 

no . 

57702 

68 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

69 

7-12-66 

FWG 

NMNS 

cat . 

no . 

57702 

70 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

71 

7-12-66 

FWG 

NMNS 

cat. 

no. 

57702 

72 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

73 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

74 

7-12-66 

FWG 

NMNS 

cat. 

no. 

57702 

75 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

76 

7-12-66 

FWG 

NMNS 

cat. 

no. 

57702 

77 

7-12-66 

FWG 

NMNS 

ca  t . 

no. 

57702 

78 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

79 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

80 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

81 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

82 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

83 

7-12-66 

FWG 

NMNS 

cat. 

no. 

57702 

84 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

85 

7-12-66 

FWG 

NMNS 

cat . 

no . 

57702 
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Table  1  (cent. ) 


Specimen 

Collection 

Collector 

Present 

Number 

Date 

Location 

86 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

87 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

88 

7-12-66 

FWG 

NMNS 

cat . 

no. 

57702 

89 

9-18-71 

LH 

PCLH 

cat . 

no. 

39840 

90 

9-18-71 

LH 

PCLH 

cat . 

no. 

39840 

91 

9-18-71 

LH 

PCLH 

cat . 

no. 

39840 

92 

9-18-71 

LH 

PCLH 

cat . 

no . 

39840 

93 

9-18-71 

LH 

PCLH 

cat . 

no. 

39840 

94 

9-18-71 

LH 

PCLH 

cat . 

no. 

39840 

95 

9-18-71 

LH 

PCLH 

cat . 

no. 

39840 

96 

9-18-71 

LH 

PCLH 

cat. 

no. 

39840 

97 

9-18-71 

LH 

PCLH 

cat . 

no. 

39840 

98 

9-18-71 

LH 

PCLH 

cat . 

no. 

39840 

99 

9-18-71 

LH 

PCLH 

cat . 

no. 

39840 

100 

9-18-71 

LH 

PCLH 

cat . 

no. 

39840 

101 

9-18-71 

LH 

PCLH 

cat . 

no. 

39840 

102 

9-18-71 

LH 

PCLH 

cat . 

no . 

39840 

103 

9-18-71 

LH 

PCLH 

ca  t . 

no. 

39840 

104 

9-18-71 

LH 

PCLH 

cat . 

no. 

39840 

105 

9-18-71 

LH 

PCLH 

cat . 

no. 

39840 

106 

9-18-71 

LH 

PCLH 

cat . 

no. 

39840 

107 

9-18-71 

LH 

PCLH 

cat . 

no. 

39840 

108 

9-18-71 

LH 

PCLH 

cat . 

no. 

39840 

109 

9-18-71 

LH 

PCLH 

cat . 

no. 

39840 

110 

9-18-71 

LH 

FMNH 

cat . 

no. 

173234 

111 

9-18-71 

LH 

FMNH 

cat . 

no. 

173234 

112 

9-18-71 

LH 

FMNH 

cat . 

no . 

173197 

113 

1974 

AS 

Field  sighting;  not 

catalogued 

114 

8-81 

FWG 

collected  alive, 

released 

in  field 

115 

8-81 

FWG 

collected 

alive, 

released 

in  field 

116 

8-81 

FWG 

collected 

alive , 

released 

in  field 

117 

4-11-86 

REB 

NMSF 

cat . 

no. 

305874 

118 

4-11-86 

REB 

NMNH 

cat . 

no . 

859132 

119 

4-25-86 

REB 

VCGIF,  not  catalogued 

120 

4-25-86 

REB 

ANSP 

cat . 

no. 

361175 

121 

4-25-86 

REB 

ANSP 

cat. 

no. 

361175 

122 

4-25-86 

REB 

FMNH 

cat . 

no. 

205902 

123 

4-25-86 

REB 

FMNH 

cat. 

no. 

205902 

124 

5-21-86 

REB 

NMNH 

cat . 

no . 

859133 

125 

5-21-86 

HM 

shell  crushed;  not 

catalogued 

126 

5-21-86 

REB 

NMSF 

cat . 

no . 

305875 

127 

5-21-86 

LT 

NMNH 

cat . 

no. 

859134 

128 

5-22-86 

HM 

NMNH 

cat . 

no. 

859135 

129 

5-22-86 

HM 

NMNH 

cat . 

no. 

859135 

130 

5-22-86 

HM 

NMNH 

cat. 

no . 

859135 

131 

5-22-86 

HM 

NMNH 

ca  t . 

no. 

859135 

132 

5-22-86 

HM 

NMNH 

cat . 

no . 

859135 

133 

5-22-86 

HM 

NMNH 

cat. 

no. 

859135 

134 

5-22-86 

HM 

NMNH 

cat . 

no. 

859135 

135 

5-22-86 

HM 

NMNH 

cat. 

no. 

859135 

136 

5-22-86 

HM 

collected 

ali 

ve, 

released 

in  field 

137 

5-22-86 

LT 

NMNH 

cat . 

no . 

859136 

138 

5-22-86 

LT 

NMNH 

cat . 

no . 

859136 

139 

5-22-86 

LT 

NMNH 

cat. 

no. 

859136 

140 

5-23-86 

REB 

NMNH 

ca  t . 

no. 

859137 
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Table  1  (cont. ) 


Specimen 

Number 

Collection 

Date 

Collector 

Present 

Location 

141 

5-23-86 

LT 

NMNH 

cat . 

no. 

859138 

142 

6-20-86 

LT 

NMNH 

cat. 

no. 

859139 

143 

6-25-86 

REB 

NMNH 

ca  t . 

no. 

859140 

144 

6-27-86 

LT 

NMNH 

ca  t . 

no. 

859141 

145 

6-27-86 

LT 

NMNH 

cat. 

no. 

859141 

146 

8-13-86 

LT 

NMNH 

cat . 

no. 

859142 

Note : 

PRB  =  Paul  R.  Burch 
JBB  =  John  B.  Burch 
FWG  =  F.  Wayne  Grimm 
LH  =  Leslie  Hubricht 
AS  =  Alan  Solem 
REB  =  Robert  E.  Batie 

HM  =  Hiliary  Martin  (collection  assistant  for  REB) 

LT  =  Lyle  Tefft  (collection  assistant  for  REB) 

NMNH  =  National  Museum  of  Natural  History,  Washington,  DC 
ANSP  =  Academy  of  Natural  Sciences  of  Philadelphia 
NMSF  =  Natur-Museum  Senckenberg ,  Frankfurt,  Germany 
UMMZ  =  University  of  Michigan  Museum  of  Zoology,  Ann  Arbor 
PCJB=  Private  Collection  of  John  B. Burch,  Ann  Arbor,  Mich. 
NMNS  =  National  Museum  of  Natural  Sciences,  Ottawa,  Canada 
PCLH  =  Private  Collection  of  Leslie  Hubricht,  Meridian,  Miss. 
FMNH  =  Field  Museum  of  Natural  History,  Chicago 
VCGIF=  Virginia  Commission  of  Game  and  Inland  Fisheries, 
Richmond 


Table  2.  Shell  Measurements  of  Poly gy riscus  virginianus  (Burch, 
1947)  collected  from  1937  through  1986. 


Specimen 

Number 

Shell  Maximum  Shell  Aperture 

Width  Width  Thickness  Width 

Aperture 

Height 

Body 

Whorls 

1 

3.23 

3.90 

1.05  1.05 

0.95 

3 

3/4 

2* 

3.33 

3.99 

1.24  1.24 

1.05 

4 

3 

3.04 

3.80 

1.05  1.14 

0.95 

3 

1/2 

4 

3.23 

3.99 

1.05  1.14 

0.86 

3 

1/2 

5 

3.71 

3.99 

1.05  1.14 

0.95 

4 

6 

3.23 

- 

1.05 

- 

3 

3/4 

7 

3.23 

3.71 

1.05  1.14 

0.95 

8 

Para  type 

shell 

not  measured;  see  Burch,  1947 

9 

Paratype 

shell 

not  measured;  see  Burch,  1947 

10 

Paratype 

shell 

not  measured;  see  Burch,  1947 

11 

Paratype 

shell 

not  measured;  see  Burch,  1947 

12 

Paratype 

shell 

missing;  see  Burch, 

1947 

13 

Paratype 

shell 

missing;  see  Burch, 

1947 

14 

3.33 

3.90 

1.05  1.14 

0.95 

4 

15 

3.42 

4.28 

1.14 

0.95 

3 

3/4 

16 

3.42 

3.99 

1.14  1.05 

0.95 

4 

17 

3.42 

4.18 

1.05  1.05 

0.95 

3 

3/4 

18 

3.42 

4.18 

1.24  1.24 

0.95 

19 

3.42 

3.90 

1.14  1.05 

0.86 

3 

3/4 

20 

3.33 

3.90 

1.05  1.14 

0.86 

3 

3/4 

21 

3.33 

- 

-  - 

- 

3 

1/2 

22 

3.  14 

- 

1.05  1.14 

0.76 

3 

23 

2.09 

- 

0.95 

- 

3 

24 

1.90 

- 

0.95  0.86 

0.48 

1 

3/4 

25 

3.14 

3.90 

1.14  1.14 

0.86 

3 

3/4 

26 

3.14 

3.80 

1.05  1.14 

0.95 

3 

3/4 
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Table  2  ( cent . ) 


Specimen 

Number 

Shell 

Width 

Maximum 
Width  ' 

Shell 

Thickness 

Aperture 

Width 

Aperture 

Height 

Body 

Whorls 

27 

3.14 

3.80 

1.05 

1.14 

0.86 

3 

3/4 

28 

3.33 

4.09 

1.14 

1.14 

0.95 

4 

29 

2.85 

- 

1.05 

- 

- 

3 

1/2 

30 

3.33 

3.90 

1.14 

1.14 

0.95 

3 

1/2 

31 

3.33 

3.99 

1.14 

1.14 

0.95 

3 

3/4 

32 

3.04 

- 

1.05 

1.05 

0.57 

3 

1/2 

33 

1.81 

- 

0.95 

0.95 

0.48 

2 

34 

3.23 

3.99 

1.14 

1.14 

0.95 

3 

1/2 

35 

3.14 

3.99 

1.05 

1.14 

0.86 

4 

36 

3.23 

3.80 

1.05 

0.95 

1.05 

3 

3/4 

37 

3.42 

3.99 

1.14 

1.14 

0.95 

4 

38 

3.33 

4.18 

1.14 

1.05 

0.95 

4 

39 

3.14 

3.80 

1.14 

1.14 

0.86 

3 

3/4 

40 

3.14 

3.80 

1.05 

0.95 

0.95 

3 

3/4 

41 

3.42 

4.18 

1.14 

1.05 

0.95 

3 

3/4 

42 

3.33 

4.09 

1.05 

1.05 

0.95 

3 

3/4 

43 

3.33 

3.99 

1.14 

1.05 

0.76 

3 

1/2 

44 

3.33 

4.09 

1.14 

1.14 

0.95 

3 

1/2 

45 

3.23 

3.90 

1.05 

0.95 

0.86 

3 

1/2 

46 

3.33 

3.99 

1.05 

0.95 

0.95 

3 

3/4 

47 

3.23 

3.42 

1.24 

1.24 

0.95 

3 

3/4 

48 

3.14 

3.80 

1.14 

1.14 

0.86 

3 

3/4 

49 

3.23 

3.99 

1.14 

1.14 

0.95 

3 

3/4 

50 

2.85 

— 

0.95 

1.05 

0.67 

3 

1/2 

51 

3.04 

3.80 

1.14 

1.24 

0.95 

3 

1/2 

52 

2.66 

- 

0.95 

1.05 

0.67 

2 

3/4 

53 

2.66 

- 

0.95 

1.05 

0.67 

2 

3/4 

54 

2.66 

- 

0.86 

0.95 

0.67 

2 

1/2 

55 

1.81 

— 

0.76 

0.86 

0.48 

2 

56 

2.00 

- 

0.86 

0.95 

0.57 

2 

1/2 

57 

2.19 

- 

0.86 

1.05 

0.67 

2 

1/2 

58 

1.24 

— 

0.76 

0.86 

0.48 

1 

1/2 

59 

3.33 

3.99 

1.14 

1.14 

1.05 

4 

60 

3.23 

3.99 

1.05 

1.14 

1.05 

4 

61 

3.23 

3.99 

1.14 

1.05 

0.76 

4 

1/4 

62 

3.33 

3.99 

1.24 

1.05 

0.95 

4 

63 

3.23 

- 

1.14 

- 

- 

3 

1/2 

64 

3.33 

3.99 

1.14 

1.14 

0.95 

4 

65 

3.14 

3.71 

1.14 

1.14 

0.95 

4 

66 

3.23 

3.71 

1.14 

1.14 

0.86 

4 

67 

3.23 

3.99 

1.14 

1.05 

1.05 

4 

68 

3.23 

3.90 

1.24 

1.24 

0.95 

3 

3/4 

69 

3.23 

3.90 

1.05 

1.24 

0.95 

4 

1/4 

70 

3.23 

3.90 

1.14 

1.24 

1.05 

4 

71 

3.33 

3.99 

1.14 

1.14 

0.95 

4 

72 

3.33 

3.99 

1.14 

1.24 

1.05 

3 

3/4 

73 

3.52 

4.28 

1.24 

1.24 

0.95 

4 

1/2 

74 

3.33 

3.99 

1.24 

1.24 

1.05 

4 

1/4 

75 

3.33 

3.99 

1.24 

1.14 

0.95 

4 

76 

3.23 

3.90 

1.14 

1.24 

0.95 

3 

3/4 

77 

3.42 

3.99 

1.14 

1.14 

0.86 

3 

3/4 

78 

3.23 

- 

1.05 

1.14 

0.86 

3 

3/4 

79 

3.23 

- 

1.14 

- 

- 

80 

3.04 

— 

1.05 

1.05 

0.76 

3 

1/2 

81 

2.85 

— 

1.05 

1.05 

0.76 

3 

1/2 

82 

3.23 

— 

1.05 

- 

- 

3 

3/4 

83 

3.04 

— 

0.95 

1.05 

0.86 

4 

84 

2.38 

_ 

0.95 

1.05 

0.67 

2 

1/2 

85 

2.28 

— 

0.95 

0.95 

0.48 

3 

86 

2.28 

_ 

0.95 

0.95 

0.57 

2 

3/4 

87 

1.81 

- 

0.86 

0.86 

0.48 

2 
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Table  2  (cont. ) 


Specimen 

Number 

Shell 

Width 

Maximum 

Width 

Shell 

Thickness 

Aperture 

Width 

Aperture 

Height 

Body 

Whorls 

88 

1.43 

_ 

0.86 

0.76 

0.29 

2 

89 

3.42 

3.99 

1.05 

1.14 

1.05 

3  1/2 

90 

3.04 

3.80 

1.05 

1.24 

0.95 

3  1/2 

91 

2.95 

3.52 

0.95 

1.14 

0.86 

3  1/2 

92 

3.23 

3.99 

1.05 

1.24 

1.05 

3  1/2 

93 

3.04 

3.80 

1.05 

1 . 24 

1.05 

3  1/2 

94 

3.14 

3.80 

0.95 

1.14 

0.95 

3  1/2 

95 

3.14 

3.80 

1.05 

1.24 

0.95 

3  1/2 

96 

3.52 

4.28 

1.14 

1.43 

1.14 

3  1/2 

97 

3.23 

3.90 

1.05 

1.24 

0.95 

3  1/2 

98 

3.42 

3.80 

0.95 

1.14 

0.76 

3  1/2 

99 

3.23 

3.99 

1.14 

1.33 

1.05 

4 

100 

2.95 

- 

0.95 

- 

— 

3  1/2 

101 

3.61 

3.99 

1.24 

1.24 

1.05 

3  1/2 

102 

3.23 

3.99 

1.24 

1.24 

0.95 

3  1/2 

103 

3.14 

- 

0.95 

1.14 

0.76 

3  1/2 

104 

2.47 

- 

1.05 

1.05 

0.67 

3  1/2 

105 

2.95 

- 

0.95 

1.05 

0.76 

3 

106 

2.66 

- 

0.95 

0.95 

0.76 

3 

107 

2.28 

- 

0.95 

1.05 

0.57 

2  1/2 

108 

2.38 

- 

0.95 

0.95 

0.48 

2  1/2 

109 

1.62 

- 

0.76 

0.76 

0.48 

2 

110 

3.23 

3.61 

1.14 

1.14 

0.95 

4  1/4 

111 

2.28 

2.47 

0.95 

0.95 

0.67 

2  1/2 

112 

Dissected  in  1975,  FMNH  cat.  no.  173197 

113 

Field  sighting, 
measured 

1974;  fragment  neither  collected  nor 

114 

Collected  alive 

1981,  returned  to  field,  not 

measured 

115 

Collected  alive 

1981,  returned  to  field,  not 

measured 

116 

Collected  alive 

1981,  returned  to  field,  not 

measured 

117 

3.23 

3.99 

1.05 

1.14 

0.95 

3  3/4 

118 

- 

- 

- 

0.95 

0.67 

3  1/2 

119 

3.42 

3.99 

0.95 

1.24 

0.95 

3  1/2 

120 

3.14 

3.61 

0.95 

0.95 

0.76 

3  1/2 

121 

3.33 

3.80 

0.95 

0.86 

0.76 

3  1/4 

122 

3.14 

3.80 

1.05 

1.05 

0.76 

3  1/2 

123 

3.14 

4.09 

1.14 

1.14 

0.95 

3  1/2 

124 

3.14 

- 

1.24 

- 

- 

3 

125 

3.33 

- 

1.05 

1.05 

0.95 

- 

126 

3.33 

3.90 

1.24 

1.24 

1.05 

3  1/4 

127 

3.14 

4.09 

1.14 

1.24 

0.86 

4 

128 

2.85 

3.61 

1.05 

1.05 

0.95 

3  1/4 

129 

3.42 

3.99 

1.14 

1.14 

- 

4  1/4 

130 

2.95 

3.61 

1.05 

1.14 

1.05 

3  1/2 

131 

3.23 

3.80 

1.05 

1.14 

0.86 

4 

132 

3.14 

3.71 

1.05 

1.05 

0.67 

3  1/2 

133 

3.42 

4.09 

1.05 

1.14 

0.86 

3  3/4 

134 

3.23 

- 

1.14 

- 

- 

3  1/4 

135 

3.23 

3.71 

1.14 

1.14 

0.86 

4 

136 

3.23 

3.90 

1.05 

1.14 

0.95 

3  1/2 

137 

3.14 

3.90 

1.14 

1.14 

0.95 

3  3/4 

138 

3.33 

4.09 

1.14 

1.33 

1.05 

3  3/4 

139 

3.14 

3.71 

1.05 

1.33 

1.14 

3  1/4 

140 

3.33 

4.09 

1.05 

1.14 

1.05 

3  3/4 

141 

3.33 

3.71 

1.14 

— 

0.95 

3  1/2 

142 

3.23 

3.99 

1.24 

1.33 

0.95 

4 

143 

3.33 

- 

1.24 

— 

_ 

4 

144 

3.14 

3.90 

1.14 

1 . 24 

0.95 

3  3/4 

145 

2.28 

3.61 

1.14 

0.95 

0.86 

3  3/4 

146 

3.14 

3.90 

1.05 

1.14 

0.86 

4 

Dote:  All  measurements  in  millimeters 


*  =  Holotype,  NMNH  cat.  do.  488470 
-  =  not  measurable  on  shell  or  shell  fragment 
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Table  3.  Size  Class  Distribution  of  Polygyriscus  virginianus 


Shell 

Width 

Number  of  Individuals 

0. 

00 

-  0. 

99 

mm 

0 

1. 

00 

-  1. 

99 

mm 

7 

2. 

00 

-  2. 

99 

mm 

23 

3. 

00 

-  3. 

99 

mm 

104 

4. 

00 

-  4. 

99 

mm 

0 
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ABSTRACT 

Taking  into  consideration  a  variety  of  inherent  errors 
associated  with  the  standard  14C  method  for  primary 
productivity  measurement  of  phytoplankton,  we  describe 
here  a  modification  obviating  some  of  the  errors.  Our 
technique  addresses  improved  in  situ  light  and  prevents 
bottle  leaks,  using  screw  cap  thin  glass  bottles  with 
generally  superior  light- transmi ssion  properties  and 
positioned  horizontally  on  suspended  clear  plastic 
discs.  Errors  from  dark  bottle  metabolic  14C  uptake  are 
eliminated  by  substituting  formalin-prefixed  light 
bottles.  Other  inherent  errors  and  solutions  are 
di  scussed . 

INTRODUCTION 

Measurement  of  primary  productivity  by  the  14C  in  situ  light 
and  dark  bottle  technique  has  remained  in  widespread  use  since  its 
introduction  by  Steeman  Nielsen  (1952),  albeit  with  recognized 
inherent  problems  and  potential  errors.  Such  problems  include 
changes  in  pH,  light,  temperature,  circulation,  nutrients, 
biotoxins,  and  microbial  communities  induced  by  containers,  some 
of  which  were  forewarned  by  Lund  and  Tailing  (1957).  Still  other 
problems  include  (1)  sampling  errors  resulting  from  spatial 
heterogeniety  of  the  plankton  community  (Cassie,  1962;  Verduin, 
1964;  Wetzel,  1983);  (2)  surface/volume  ratio  effects  (Antia,  et 
al,  1963);  (3)  precipitation  of  Fe314C03  (Goldman  and  Mason, 
1962);  (4)  orientation  of  containers  with  respect  to  light  source 
(Ohle,  1958;  Elster  and  Motsch,  1966);  (5)  adsorption  of  inorganic 
1 4 C  by  filters  (Lean  and  Burnison,  1979);  (6)  cell  injury  during 
fixation  or  filtration  with  loss  of  intracellular  14C  organic 
matter  (Arthur  and  Rigler,  1967;  Silver  and  Davoll,  1978);  (7) 
vendor  errors  in  preparing  14C  ampoules  (our  findings);  (8)  toxic 
levels  of  copper  associated  with  the  container  and  NaH14C03 
(Carpenter  and  Lively,  1980);  (9)  differences  in  quality  and 
quantity  of  light  transmitted  through  different  glass  bottles 
(Parker  and  Samsel,  1974;  Smith  and  Baker,  1980);  (10)  differences 
in  metabolism  and  rates  of  14C  incorporation  between  light  and 
dark  bottles,  e.g.,  photorespiration  (Parker  et  al.,  1977; 
Legendre,  et  al.,  1983;  Wetzel,  1983);  and  (11)  production  of 
extracellular  organics  (Parker  et  al.,  1977;  Wetzel,  1983). 

Despite  these  potential  errors,  the  overall  concensus  has 
prevailed  that,  "...with  care  most  technical  problems  can  be 
overcome  and  errors  evaluated..."  (Wetzel,  1983).  Furthermore, 
the  100-fold  greater  sensitivity  of  the  14C  method  over  the  oxygen 
method  makes  the  former  ideal  for  studies  of  aquatic  or  ocean 
systems  with  low  productivity  (Wetzel,  1983). 

For  more  than  one  year,  we  have  been  running  monthly  primary 
productivity  measurements  at  Mountain  Lake,  Giles  County,  Virginia 
(Parson  and  Parker,  Submitted).  This  alpine  lake  is  the  only 
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natural  lake  in  the  southern  Appalachians  and  is  oligotrophic . 
Our  14C  primary  productivity  method  involves  a  number  of 
variations  which  are  not  routine  but  which  appear  useful  for 
purposes  of  safety,  accuracy  and  precision.  We  describe  this 
method  here  and  compare  results  with  those  of  a  more  routine  14C 
method,  namely  that  of  Benfield  and  Hendricks  (1975). 


Figure  1A. 

Drawing  of  primary  productivity  bottles  and  one  clear  plastic  platform  with 
clips  (S.  J.  Price). 


Figure  IB. 

In  situ  incubation  procedure  with  three  bottles  (duplicate  light-unfixed  and 
one  light-fixed)  at  depths  of  0.1,  1.0,  6.0,  10.0,  17.0  m  in  Mountain  Lake  (S. 
J.  Price). 
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RESULTS  AND  DISCUSSION 

Figures  1A  and  IB  illustrate  our  primary  productivity  system 
consisting  of  three  250  mL  screw  cap  clear  bottles  held  firmly  by 
steel  Grippe  clips  (Gibson  Good  Tools,  Grottoes,  VA)  in  a 
horizontal  position  on  clear  acrylic  plastic  platforms  located  at 
chosen  depths  of  in  situ  incubation.  This  system  was  adopted  to 
ensure  optimal  light  transmission.  Many  investigators  merely  hang 
bottles  on  the  incubation  line,  and  Benfield  and  Hendricks  (1975) 
used  rings  of  opaque  PVC  with  slots  and  springs  to  hold  125  mL  BOD 
bottles  horizontally.  Our  system  can  take  a  variety  of  screw  cap 
containers  and,  on  submergence,  assumes  a  horizontal  orientation. 
Use  of  250  mL  pharmaceutical  bottles  was  based  on  the  studies  of 
Parker  and  Samsel  (1974)  demonstrating  the  superior  transparency 
of  the  glass  relative  to  that  of  BOD  and  several  other  bottles  used 
for  primary  productivity  measurements  in  lakes  and  oceans.  The 
screw  caps  prevent  losses  of  water  and  14C  through  loosened 
stoppers  which  was  found  to  be  quite  common  in  lakes  with 
oxygen- saturation  or  -  supersaturation  (Parker  and  Samsel,  1974). 

Figure  2  outlines  our  14C  procedure.  Note  that  a  common  pool 
of  14C  is  used,  that  two  unfixed  light  bottles  and  one  prefixed 
light  bottle  are  incubated  in  situ  at  each  depth.  This  avoids 
excessively  high  dark  bottle  anomalies  reported  by  various 
investigators  (e.g.,  Goldman,  1964,  1970;  Parker  et  al . ,  1977; 
Legendre,  et  al.,  1983).  All  three  bottles  at  each  depth  are 
filled  from  the  same  Kemmerer  water  bottle.  Change  in  temperature 
and  light  effects  were  minimized  at  the  surface  by  keeping  bottles 
in  polystyrene  coolers.  In  addition,  in  situ  heating  near  the 
surface  would  be  unlikely  in  our  bottles  because  of  the  greater 
heat  exchange  through  the  thinner  glass  and  normally  significant 
mixing  at  Mountain  Lake's  surface. 

Table  1  shows  data  from  one  primary  productivity  series  at 
Mountain  Lake,  using  our  system  and  that  of  Benfield  and  Hendricks 
(1975)  which  is  most  comparable  by  its  horizontal  incubation 
aspect.  Results  by  the  two  methods  were  remarkably  close,  and 
analysis  of  variance  showed  no  significant  difference  between  the 
two  methods  at  the  a  =  0.05  level.  However,  dark  unfixed  bottles 
used  in  the  method  of  Benfield  and  Hendricks  (1975)  gave  higher 
background  values,  resulting  in  lower  net  primary  productivity 
values  relative  to  our  [ light-unfixed] -[ light-fixed]  values  (See 
Table  1,  17m  values.).  It  is  well-known  that  dark  metabolic 
carbon  fixation  can  occur,  especially  by  marine  and  freshwater 
bacteria  (Parker  et  al . ,  1977;  Legendre,  et  al . ,  1983;  Carpenter 
and  Lively,  1980).  Legendre,  et  al.  (1983)  recommended  [light 
unfixed] -[ light  or  dark  +  DCMU ]  to  resolve  the  high  dark  unfixed 
bottle  problem.  However,  DCMU  specifically  inhibits  photosystem 
II  and  not  also  photosystem  I,  enzyme  reactions  in  the  C3  cycle, 
or  bacterial  metabolism,  so  it  is  conceivable  that  some  14C02 
fixation  may  still  occur  if  appropriate  substrates  (e.g.,  ATP  and 
NADPH2 )  can  be  generated  through  other  metabolic  routes. 

We  conclude  that  our  modified  technique  for  in  situ  14C 
primary  productivity  estimates  gives  comparable  results  to  those 
of  Benfield  and  Hendricks  (1975).  Also,  the  in  situ  horizontal 
positioning  on  transparent  plastic  platforms,  the  use  of  screw  cap 
bottles  to  prevent  losses  of  14C  and  the  use  of  formalin-prefixed 
light  bottles  instead  of  unfixed  dark  bottles  should  reduce  the 
potential  errors  in  this  important  limnological  and  oceanographic 
technique . 

ACKNOWLEDGEMENTS 

We  thank  the  Gal-Tex  Hotel  Corporation  which,  through  the 
generosity  of  the  late  Mary  Moody  Northen,  provided  a  grant-in-aid 
to  support  research  at  Mountain  Lake.  Also,  we  thank  a  number  of 
Virginia  Tech  undergraduate  students  and  the  staff  of  the  Mountain 
Lake  Hotel  for  assistance  and  cooperation  facilitating  our 
research . 


A  MODIFIED  14C  PRIMARY  PRODUCTIVITY  METHOD 


217 


Figure  2.  14C  primary  productivity  procedure. 

LAKE  WATER  FROM  DISCRETE  DEPTH  DISPENSED  INTO  THREE 
SCREW  CAP  CLEAR  GLASS  PHARMACEUTICAL  BOTTLES 

I 

+  1.0  mL  14C  AS  NaH1  4  C03 ,  20  |iCi  ACTIVITY  INTO  EACH  BOTTLE 
+  1.0  mL  FORMALDEHYDE  INTO  ONE  BOTTLE. 

I 

MOUNT  ON  CLEAR  ACRYLIC  PLASTIC  PLATFORMS  (Fig.  1A). 
SUSPEND  AT  ORIGINAL  SAMPLE  DEPTH  4-6  HOURS  (Fig.  IB). 

I 

RETRIEVE  BOTTLES.  +  1 . 0  mL  FORMALDEHYDE  TO  ALL  UNFIXED. 

I 

FILTER-COLLECT  PLANKTON  ON  0.8  urn  NUCLEPORE  POLYCARBONATE 
MEMBRANES  UNDER  LOW  VACUUM.  ADD  TO  VIALS. 

I 

STORE  UNCAPPED  IN  DESICCATOR  WITH  FUMING  CONC .  HC1  12 
HOURS  TO  REMOVE  ABSORBED  INORGANIC  1 4 C-CARBONATE . 

I 

+  10  mL  ECONOFLUOR.  STORE  IN  DARKNESS  12  HOURS  TO  DAMP 

AUTOFLUORESCENCE . 

I 

SCINTILLATION  COUNTING. 

I 

CALCULATE  NET  PRIMARY  PRODUCTIVITY: 

[LIGHT,  UNFIXED]  -  [LIGHT,  PREFIXED]. 
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Table  1.  Comparative  14C  primary  productivity  values  (mgC/m3/hr) 
including  [means]  for  Mountain  Lake,  October  9,  1986 

Depth  (m)  Parker/Parson  Method  Benf ield/Hendricks 

Method 


0.1 

3.973,  3.311 

1.0 

3.902,  4.413 

6.0 

1.076,  1.153 

10.0 

0.171,  0.164 

17.0 

0.014,  0.014 

Lake  Mean 

1 . 819 

Integrated 
( mgC/m2/hr ) 

19. 70C 

3.642] 

2 . 935, 

2.984  [ 

[2.960 

4.158] 

4.507, 

4.213  | 

[4.360 

1.115] 

1 . 176, 

1.262  [ 

1.219 

0. 168] 

0. 127, 

0.253  [ 

[0. 190 

0. 140] 

0 

0 

0 

1.746 

19 . 740 
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ABSTRACT 


Greenhouse  and  field  experiments  were  conducted  to 
evaluate  control  of  Kentucky  bluegrass  (Poa  pratensi s  L.  # 
POAPR^),  orchardgrass  (Dactyl  is  gl omerata  L.  #  DACGL), 
perennial  ryegrass  ( Lol i um  perenne  L.  #  LOLPE)  and  tall 
fescue  ( Festuca  arundinacea  Schreb  #  FESAR)  with  glyphosate 
[N-(phosphonomethyl )glycine] ,  sethoxydim  [2-{l-ethoxy-imino) 
butyl ] -5- {2- (ethyl thi o) propyl ]-3-hydroxy-2-cycl ohexen-l-one] 
and  the  butyl  ester  of  fluazifop  [(+)-2-[4-[[5-(trifluoro- 
methyl )-2-pyridinyl]oxy]phenoxy]propanoic  acid].  In  green¬ 
house  studies,  glyphosate  gave  better  shoot  fresh  weight 
reduction  of  Kentucky  bluegrass  than  fluazifop  or  sethoxy¬ 
dim.  Glyphosate  and  sethoxydim  caused  greater  shoot  fresh 
weight  reduction  of  tall  fescue  than  fluazifop.  In  field 
studies,  glyphosate  at  3.4  kg/ha  provided  over  90%  control 
of  all  four  grasses.  Sethoxydim  at  0.52  kg/ha  gave  93%  con¬ 
trol  of  perennial  ryegrass  but  lower  control  of  tall  fescue 
(7%),  Kentucky  bluegrass  (25%)  and  orchardgrass  (40%).  Flu¬ 
azifop  at  0.42  kg/ha  resulted  in  15%  control  of  Kentucky 
bluegrass,  42%  control  of  orchardgrass,  63%  control  of  per¬ 
ennial  rye-grass  and  5%  control  of  tall  fescue. 


INTRODUCTION 


Fluazifop  and  sethoxydim  selectively  control  many  annual  and  warm- 
season  perennial  grasses  in  soybeans,  ornamentals  and  other  broadleaf 
crops.  Little  research  has  been  conducted,  however,  on  control  of  cer¬ 
tain  cool-season  perennial  grasses  such  as  tall  fescue.  Flagood  (1985) 
reported  that  sethoxydim  was  more  effective  than  fluazifop  for  control 
of  tall  fescue,  but  required  rates  of  0.56  kg/ha  for  fair  to  good  con¬ 
trol.  Perennial  ryegrass,  orchardgrass  and  Kentucky  bluegrass  were 
highly  sensitive  to  sethoxydim  in  greenhouse  studies  while  red  fescue 
(Festuca  rubra  L.  #FESRU)  was  tolerant  to  rates  of  1.1  kg/ha  (Wyse  et 
al  . ,  1985).  Crane  et  al .  (1981),  however,  reported  that  perennial 
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ryegrass  recovered  from  a  1.12  kg/ha  sethoxydim  application.  Sethoxy- 
dim  at  0.22  kg/ha  provided  95%  control  of  Italian  ryegrass  (Lol ium 
multiflorum  Lam.  #L0LML)  (Wiley,  et  al . ,  1985).  Sethoxydim  at  0.56 
kg/ha  provided  100%  control  of  fowl  bluegrass  (Poa  pal ustri s  L.) 
(Meade  and  Lee,  1983).  Sethoxydim  provided  fair  to  good  suppression 
of  tall  fescue  and  two  varieties  of  perennial  ryegrass  but  only  poor 
to  fair  suppression  of  these  grasses  was  seen  with  fluazifop  (Hinton 
and  Minotti,  1983).  Red  fescue  and  annual  bluegrass  (Poa  annua  L.# 
POAAN)  were  affected  only  slightly  affected  by  either  compound. 
At  low  dosages,  the  nonselective  herbicide  glyphosate  exhibited  dif¬ 
ferential  toxicity  to  five  perennial  grasses  (Bingham,  et  al . ,  1980). 
At  0.28  kg/ha,  Kentucky  bluegrass  and  red  fescue  exhibited  tolerance 
to  glyphosate  while  orchardgrass ,  perennial  ryegrass  and  bentgrass 
were  moderately  susceptible.  Essentially  complete  control  of  all  five 
species  was  noted  at  1.12  kg/ha. 

Experiments  were  conducted  to  evaluate  the  tolerance  of  Kentucky 
bluegrass,  orchardgrass,  perennial  ryegrass  and  tall  fescue  to  varying 
rates  of  fluazifop  and  sethoxydim.  The  nonselective  herbicide  glypho¬ 
sate  was  included  in  the  tests  for  comparison.  The  research  objective 
was  to  determine  if  the  selective  grass  herbicides  could  provide  simi¬ 
lar  control  of  the  grass  tested  as  the  nonselective  herbicide  glypho¬ 
sate. 


MATERIALS  AND  METHODS 

Greenhouse  studies.  Seed  of  each  grass  species  was  placed  in  10 
cm  diam  pots  containing  60%  peat  moss,  20%  vermiculite  and  20%  perlite 
(V/V).  Media  pH  was  5.9.  A  slow  release,  18-6-12  fertilizer  was 
applied  after  germination.  When  the  plants  reached  15  cm  in  height, 
they  were  cut-back  to  a  height  of  2.5  cm.  This  step  was  repeated 
after  the  grasses  had  again  reached  15  cm  in  height.  When  the  grasses 
attained  a  height  of  15  cm  after  the  second  cutting,  plants  were 
treated  using  a  C^-pressurized  backpack  sprayer  calibrated  to  deliver 
300  L/ha  using  8003  flat  fan  nozzles.  In  the  first  greenhouse  exper¬ 
iment,  glyphosate  was  applied  at  0.21  and  0.41  kg/ha,  sethoxydim  was 
applied  at  0.04  and  0.08  kg/ha  and  fluazifop  was  applied  at  0.02  and 
0.04  kg/ha.  A  non-treated  control  was  also  included  in  the  study. 
The  120  g/L  formulation  of  fluazifop  was  utilized  in  all  studies. 
Crop  oil  concentrate  was  added  to  all  treatments  at  1%  of  spray  vol¬ 
ume.  Visual  plant  damage  was  recorded  5  weeks  after  application. 
Also  at  5  weeks  after  treatment,  plants  were  cut  to  a  height  of  2  cm 
and  shoot  fresh  weight  was  recorded.  Percent  plant  regrowth  reduction 
was  evaluated  visually  in  comparison  to  the  untreated  control  plants 
for  each  species  2  weeks  later,  with  0  representing  regrowth  identical 
to  the  untreated  plants  and  100  equal  to  no  regrowth. 

Due  to  the  low  plant  response  in  the  first  study,  a  second  exper¬ 
iment  was  established  using  higher  herbicide  rates.  Glyphosate  was 
applied  at  0.42  and  0.84  kg/ha,  sethoxydim  at  0.08  and  0.15  and  flu¬ 
azifop  at  0.04  and  0.08  kg/ha.  Other  parameters  were  identical  to  the 
first  study.  This  study  using  higher  rates  was  repeated,  with  the 
reported  results  an  average  of  the  two  trials.  The  factoral  treat¬ 
ments  for  each  greenhouse  experiment  were  arranged  in  a  randomized 
complete  block  design  with  5  replications.  Data  from  the  two  trials 
were  combined  and  subjected  to  analysis  of  variance,  with  time  being  a 
main  plot  factor. 

Field  study.  Grasses  were  seeded  in  rows  in  August  of  1985 
into  a  Groseclose  loam  soil  (Typic  Hapludult,  clayey,  mixed,  mesic) 
containing  2.3%  organic  matter  with  a  pH  of  5.1.  Plot  length  was  1.2 
m  with  1.2  m  between  rows.  Treatments  were  arranged  in  a  split-plot 
design  with  six  replications,  herbicide  treatment  being  the  main  plot 
factor  and  grass  species  the  subplot  factor.  Herbicides  were  applied 
on  May  28,  1986  using  a  COo-pressurized  backpack  sprayer  calibrated  to 
deliver  300  L/ha.  Crop  oil  concentrate  was  added  at  1%  of  spray  vol- 
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ume  to  each  treatment.  Glyphosate  was  applied  at  1.68  and  3.36  kg/ha, 
sethoxydim  was  applied  at  0.31  and  0.52  kg/ha  and  fluazifop  was 
applied  at  0.21  and  0.42  kg/ha.  A  second  application  of  each  herbi¬ 
cide  was  applied  to  half  of  the  treated  plots  on  June  6,  1986.  The 
environmental  conditions  for  the  first  treatment  date  were  24  C  air 
temperature,  80%  cloud  cover  and  very  moist  soil.  Weather  conditions 
at  the  second  application  date  were  18  C  air  temperature,  full  sun  and 
dry  soil.  At  the  first  application  date,  tall  fescue  and  orchardgrass 
were  0.9  m  in  height,  Kentucky  bluegrass  was  0.5  m  in  height  and  per¬ 
ennial  ryegrass  was  0.4  m  in  height.  Orchardgrass,  tall  fescue  and 
Kentucky  bluegrass  were  in  the  flowering  stage  at  treatment.  Percent 
plant  injury  was  evaluated  visually  5  weeks  after  the  first  applica¬ 
tion  on  a  0  to  100  scale  with  0  representing  no  damage  and  100  repre¬ 
senting  complete  control.  Grasses  were  mowed  to  a  height  of  approxi¬ 
mately  10  cm  at  seven  weeks  after  initial  treatment.  Percent  regrowth 
reduction  was  evaluated  visually  at  10  weeks  after  initial  treatment 
in  comparison  to  the  nontreated  control  for  each  species,  with  0 
representing  shoot  regrowth  identical  to  the  control  and  100  repre¬ 
senting  no  regrowth. 


RESULTS  AND  DISCUSSION 

Greenhouse  studies.  Grass  species  did  not  differ  in  their 
response  to  increasing  herbicide  level  at  the  low  rates  studied  in  the 
first  experiment  (data  not  shown).  Sethoxydim,  averaged  over  the 
0.04  and  0.08  kg/ha  rates,  gave  equivalent  or  greater  control  of  each 
species  when  compared  to  glyphosate  which  was  applied  at  0.21  and  0.41 
kg/ha.  Sethoxydim  provided  greater  shoot  fresh  weight  reduction  of 
each  grass  species  than  fluazifop,  which  was  applied  at  0.02  and  0.04 
kg/ha.  Glyphosate  generally  caused  similar  shoot  fresh  weight  and 
regrowth  reduction  in  all  species.  Sethoxydim  gave  greater  regrowth 
control  of  perennial  ryegrass  than  the  other  three  grasses. 

Herbicide  rates  were  increased  for  the  second  greenhouse  exper¬ 
iment  to  elicit  greater  plant  response.  Results  are  averaged  over 
application  rate  as  grass  species  did  not  differ  in  their  response  to 
increasing  herbicide  level.  Glyphosate,  averaged  over  the  0.42  and 
0.84  kg/ha  rates,  gave  greater  than  90%  regrowth  control  of  all  four 
grasses  at  the  higher  rates  tested  in  the  second  study  (Table  1). 
Sethoxydim,  averaged  over  the  0.08  and  0.15  kg/ha  rates  and  fluazifop, 
averaged  over  the  0.04  and  0.08  kg/ha  rates,  gave  lower  regrowth  con¬ 
trol  of  Kentucky  bluegrass  and  orchardgrass  than  glyphosate.  The 
three  herbicides  caused  similar  shoot  fresh  weight  reduction  of  peren¬ 
nial  ryegrass.  Fluazifop  gave  lower  shoot  fresh  reduction  and  lower 
regrowth  control  of  tall  fescue  than  sethoxydim  or  glyphosate.  Within 
each  herbicide  and  species  combination,  shoot  fresh  weight  reduction 
and  regrowth  control  appeared  to  be  quite  similar. 

Field  study.  Glyphosate  applied  at  1.7  kg/ha  resulted  in  less  than 
70%  control  of  Kentucky  bluegrass,  orchardgrass  and  tall  fescue  (Table 
2).  Two  applications  of  glyphosate  at  either  1.7  or  3.4  kg/ha 
resulted  in  95  to  100%  regrowth  reduction  in  all  four  grasses.  Peren¬ 
nial  ryegrass  appeared  to  be  the  most  sensitive  grass  to  glyphosate. 

No  sethoxydim  rate  gave  acceptable  (>  70%)  control  of  Kentucky 
bluegrass  (Table  2).  Two  applications  of  0.52  kg/ha  were  required  for 
acceptable  regrowth  control  of  orchardgrass  and  tall  fescue.  All 
sethoxydim  rates  gave  acceptable  control  of  perennial  ryegrass,  with 
0.52  kg/ha  sethoxydim  resulting  in  essentially  complete  control. 
In  other  studies,  glyphosate  at  1.68  kg/ha  applied  in  May  provided  42% 
control  of  orchardgrass  while  sethoxydim  at  0.22  and  0.34  kg/ha  pro¬ 
vided  45  and  53%  control,  respectively  (Creswell,  et  al . ,  1982).  Sep¬ 
tember  applications  of  glyphosate  at  1.68  kg/ha  gave  98%  control  of 
orchardgrass  while  sethoxydim  at  0.22  and  0.45  kg/ha  were  ineffective 
in  controlling  orchardgrass  (Creswell,  et  al . ,  1983).  No  fluazifop 
rate  gave  acceptable  control  of  any  of  the  four  grasses  (Table  2). 


Table  1.  Response  of  cool-season  grasses  to  glyphosate  at  0.42  and  0.84  kg/ha,  sethoxydim  at  0.08 
and  0.15  kg/ha  and  fluazifop  at  0.04  and  0.08  kg/ha,  averaged  over  application  rate,  in  the  second 
greenhouse  experiment.  Shoot  fresh  weight  was  recorded  5  weeks  after  treatment  and  reduction  in 
shoot  regrowth  was  evaluated  7  weeks  after  treatment. 
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Table  2.  Response  of  cool-season  grasses  to  glyphosate,  sethoxydim,  and  fluazifop  applied  on  May  28,  1986  in  the  field 
experiment.  Percent  control  was  evaluated  5  weeks  after  treatment  and  reduction  in  shoot  regrowth  was  determined  at  10 
weeks  after  treatment. 
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Kentucky  bluegrass  and  orchardgrass  generally  responded  similarly  to 
fluazifop  and  sethoxydim.  Sethoxydim  gave  greater  control  of  peren¬ 
nial  ryegrass  and  tall  fescue  than  fluazifop.  Results  for  tall  fescue 
are  consistent  with  that  reported  by  Hagood  (1985).  Further  research 
is  needed  to  determine  if  stage  of  growth  affects  the  response  of 
cool-season  perennial  grasses  to  fluazifop  and  sethoxydim. 

Control  of  Kentucky  bluegrass  and  orchardgrass  was  in  the  order: 
glyphosate  >  sethoxydim  =  fluazifop.  Control  of  perennial  ryegrass 
was  in  the  order:  glyphosate  =  sethoxydim  >  fluazifop.  Tall  fescue 
control  was  in  the  order:  glyphosate  >  sethoxydim  >  fluazifop.  Rela¬ 
tive  grass  response  to  the  three  herbicides  were  similar  in  the  second 
greenhouse  study  and  the  field  study. 
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ABSTRACT 

Nonbreeding  and  sometimes  transient  beavers,  Castor  canadensis, 
cut  a  variety  of  woody  plants  throughout  the  year  during  a  15- 
month  study  at  three  sites  in  southeastern  Virginia.  Ten  species 
of  trees  were  cut  in  proportions  greater  than  would  be  expected 
according  to  their  availabilities.  Beavers  heavily  used  viburnum, 
alder,  ironwood,  bayberry,  tulip  poplar,  and  dogwood.  Winter  food 
caches  were  constructed  but  were  only  lightly  used. 

INTRODUCTION 

After  being  virtually  extirpated  by  1911,  the  beaver.  Castor 
canadensis,  was  reestablished  in  Virginia  starting  in  1932  (Bailey,  1946). 
Beavers  from  Pennsylvania,  New  York,  New  Hampshire,  Maine,  and  Michigan  were 
introduced  into  10  counties  in  piedmont  and  montane  locations,  and  later 
their  offspring  were  transplanted  elsewhere.  Today,  beavers  are  distributed 
throughout  Virginia  but  are  most  common  in  the  piedmont  region. 

Although  beavers  eat  many  plant  parts,  they  are  best  known  for  cutting 
woody  vegetation  to  use  for  food,  to  build  dams  and  lodges,  or  to  store  in 
food  caches.  In  northern  locations,  beavers  build  large  caches  of  submerged 
tree  branches  which  are  used  for  food  during  the  winter  (e.g.,  Aldous  1938, 
in  Minnesota;  Hamerstrom  and  Blake  1939,  in  Wisconsin;  Jahoda  1946,  in  New 
Hampshire;  and  Shadle  and  Austin  1939,  in  New  York).  In  some  locations,  for 
example  in  Louisiana  where  "streams  do  not  freeze"  (Chabreck  1958),  beavers 
do  not  build  food  caches. 

The  primary  objective  of  our  study  was  to  determine  the  patterns  of 
cutting  of  woody  vegetation  throughout  the  year  and,  by  comparing  use  to 
availability,  to  evaluate  whether  some  plant  species  are  selected  or  avoided 
in  different  seasons.  Another  objective  was  to  learn  whether  beavers  in 
southeastern  Virginia  build  and  use  winter  food  caches.  This  study,  in 
addition  to  providing  information  on  the  ecology  of  beavers  in  the 
southeastern  US,  reports  the  selective  use  of  ten  woody  species.  Well- 
stocked  winter  food  caches  were  constructed  but  were  only  lightly  used 
during  the  mild  winter  in  southeastern  Virginia. 

THE  STUDY  SITES 

The  three  study  sites  were  located  in  tributaries  of  Yarmouth  Creek,  a 
feeder  stream  to  the  Chickahominy  River  in  James  City  County  near 
Williamsburg.  Site  A  was  a  swamp  located  400  m  downstream  from  a  man-made 
lake  on  Yarmouth  Creek.  Beavers  blocked  the  broad,  flat-bottomed  valley 
with  a  100-m-long  dam  that  created  a  pond  0.5  to  1.5  m  deep.  In  winter,  the 
pond  remained  frozen  longer  (_<  2  weeks)  than  ponds  at  the  other  study  sites 
because  of  shading  by  a  steep  hill.  The  dominant  trees  were  green  ash 
(Fraxinus  pennsylvanicus)  and  red  maple  (Acer  rub rum)  with  an  understory  of 
alder  (Alnus  serrulata),  viburnum  (Viburnum  nudum),  and  spicebush  (Lindera 
benzoin),  plus  tree  seedlings.  The  hillsides  had  a  mixed-hardwood  forest 
with  an  understory  of  mountain  laurel  (Kalmia  latifolia)  and  hardwood 
saplings. 

Site  B  was  a  beaver  pond  at  the  junction  of  two  small  streams  blocked 
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by  a  logging  road  that  had  been  built  across  a  deep  ravine.  Beavers  later 
built  a  dam  on  top  of  the  road,  creating  a  4-m  deep  pond  with  300  m  of 
shoreline.  Mixed  hardwoods  dominated  the  adjacent  forest,  which  had 
mountain  laurel,  beech  (Fagus  grandifolia)  and  red  maple  saplings  in  the 
understory.  A  0.25— ha  plot  nearby  had  been  cleared  and  planted  in  Virginia 
(Pinus  virginiana)  and  loblolly  (P.  taeda)  pines.  The  pond  did  not  freeze 
for  >  1  week  during  the  study  period. 

The  1.5-km  of  shoreline  on  Site  C,  a  5-ha  lake  above  Site  A,  was 
dominated  by  mixed  hardwoods  or  patches  of  small  hardwoods  and  flowering 
dogwood  (Cornus  florida).  Alder  and  black  willow  (Salix  nigra)  were  the 
principle  species  in  small  swampy  areas  along  streams  feeding  the  lake,  and 
clumps  of  bayberry  (Myrica  cerifera),  alder,  and  black  willow  grew  along  the 
shore.  Although  sometimes  frozen  for  as  long  as  a  week,  the  lake  usually 
was  relatively  free  of  ice. 

During  eight  days  and  two  nights  each  month  from  January  1980  to  March 
1981,  beavers  were  observed  to  leam  how  many  animals  were  working  at  a  site 
and  when  they  departed  or  returned.  After  determining  that  beavers  are  not 
active  during  the  2  hours  before  dawn,  observations  were  made  from  a  canoe 
or  shore  between  sundown  to  midnight.  Site  A  was  continuously  occupied  by 
two  beavers,  but  the  single  beavers  using  Sites  B  and  C  sometimes  (primarily 
in  the  summer)  departed  and  returned.  These  beavers  probably  were  the 
survivors  of  groups  taken  by  commercial  trappers  in  the  winter  preceding  the 
study. 


HABITAT  ANALYSIS  (AVAILABILITY) 

Woody  vegetation  was  sampled  to  determine  relative  importance  values 
and  number  of  stems  per  hectare.  Due  to  differences  in  the  study  sites, 
three  methods  of  vegetation  sampling  were  used:  point-centered  quarter, 
strip  plots,  and  100-m^  circular  plots.  On  all  sites,  oaks  in  the  red-oak 
group  were  combined,  as  were  Virginia  and  loblolly  pines. 

Site  A  was  sampled  with  the  point-centered  quarter  method  (Cottam  and 
Curtis  1956).  A  baseline  parallel  to  the  dam  was  established  at  the 
greatest  distance  that  cutting  was  observed.  Then,  parallel  lines  15  m 
apart,  extending  to  the  beaver  dam,  were  measured  at  right  angles  to  the 
baseline.  The  locations  of  sampling  points,  which  were  at  least  10  m 
apart,  were  determined  on  these  lines  using  a  table  of  random  numbers.  At 
each  sampling  point,  the  species  and  size  of  the  nearest  tree,  shrub,  and 
sapling  were  recorded  for  each  quarter.  These  values  were  used  to  estimate 
the  number  of  stems  per  hectare  for  each  species.  Trees  were  defined  as  >_ 
10  cm  diameter  at  breast  height  (dbh).  (Relative  importance  values  for  the 
three  sites  are  given  separately  for  trees,  and  for  saplings  and  shrubs,  in 
Echtemach  1982.) 

Site  B  was  sampled  using  2-m  by  50-m  strip  plots  set  10  m  apart.  The 
plots  started  at  the  shore  and  extended  up  the  hill  50  m,  or  more  if  beaver 
cutting  extended  beyond  that  point.  The  numbers  of  stems  in  the  strip  plots 
were  used  to  estimate  densities/ha  for  each  woody  species. 

The  largest  site  ("C")  was  sampled  using  100-m^  circular  plots.  The 
area  initially  was  subjectively  divided  into  different  vegetation  types.  The 
approximate  area  (in  m^)  for  each  type  was  determined  by  measuring  the 
shoreline  and  the  distance  from  shore  to  the  extent  of  beaver  activity. 
Pairs  of  circular  plots  were  laid  out  at  intervals  along  the  shoreline,  the 
interval  depending  on  the  length  of  shoreline  dominated  by  that  vegetation 
type.  The  number  of  paired  plots  was  calculated  to  be  _>  a  10  percent  sample 
of  each  area.  The  center  of  the  first  plot  was  6  m  from  shore,  and  the 
center  of  the  second  plot  was  set  at  right  angles  to  the  shoreline  and 
located  10  m  from  the  center  of  the  first  plot.  Trees  were  sampled  in 
circular  plots  of  5.6-m  radius  and  shrubs  and  saplings  in  nested  plots  of 
2.5-m  radius.  These  values  were  used  to  determine  stem  densities/ha  for 
each  species. 

Estimates  of  year-round  cutting  rates  were  determined  for  each  area  by 
marking  cut  stumps  and  girdled  trees  with  paint  (Brenner  1962)  and  checking 
for  new  cutting  at  weekly  intervals.  With  information  on  available 
stems/ha,  we  determined  the  percent  use  for  each  species  in  each  season 
(number  cut/number  of  stems  available  per  unit  area).  The  percent  use 
values  also  were  used  to  rank  foods  in  order  of  their  selection  for  cutting. 
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Chi-square  analysis  was  used  to  compare  the  observed  and  expected  harvest 
values  in  order  to  learn  whether  plant  species  were  selected,  avoided,  or 
used  in  proportion  to  their  availability. 

Food  caches,  which  are  submerged  below  water  level  and  stored  for 
consumption,  were  dismantled  in  spring  and  analyzed  to  determine  the  species 
of  woody  plants  used  in  their  construction. 

Bomb  calorimetry  was  used  to  determine  the  caloric  content  of  samples 
of  the  13  species  of  trees  and  shrubs  believed  to  represent  the  main  foods 
in  each  season.  A  composite  sample  was  made  for  each  species  by  pooling  the 
bark  and  cambium  from  the  stems  of  five  individuals,  using  common  diameters 
chosen  at  random  from  the  three  sites.  All  samples  were  oven-dried  at  70  C 
for  48  hours,  then  ground  in  a  Wiley  mill  using  #60  mesh  screen  and  pressed 
into  pellets.  Pellets  were  oven-dried  (70  C)  for  1  hour  and  then  burned  in 
a  non-adiabatic  Parr  bomb  calorimeter.  A  benzoic  acid  standard  was  "bombed" 
before  each  sample.  Later,  caloric  values  were  compared  to  use  percentages 
to  learn  whether  caloric  value  was  related  to  the  selection  (or  avoidance) 
of  the  species  in  that  season. 


RESULTS 

Overall,  10,843  woody  plants  were  cut  by  beavers  on  the  three  sites, 
but  only  1.2%  were  trees  (_>  10  cm  dbh).  On  Site  A,  viburnum,  alder,  and 
spicebush  constituted  the  bulk  of  the  eight  species  cut  (Table  1),  with 
viburnum  and  alder  being  preferentially  selected  based  on  Chi-square 


Table  1.  Results  of  the  analysis  of  the  number  of  cut  (Cut)  stems/ha,  the 
number  of  available  (AV)  stems/ha,  and  the  percentage  use  (Use)  of  each 
species  within  each  study  area.  Results  of  Chi-square  analyses  of 
observed  and  expected  values  are  designated  "*"  for  0.05  and  "**"  for 
0.01  level  of  significance.  Underlined  values  refer  to  species  cut 
more  often  than  expected  (=selected),  those  species  with  asterisks 
but  not  underlined  were  cut  less  often  than  expected  (=underused), 
and  those  with  no  "*"  were  cut  in  proportion  to  their  abundance. 


Site 

A 

Site  B 

Site  C 

Species 

Cut 

AV 

Use 

Cut 

AV 

Use 

Cut 

AV 

Use 

Viburnum  nudum 

674** 

1079 

62 

Alnus  serrulata 

614**  1338 

46 

249 

379 

66 

Acer  rubrum 

118* 

378 

31 

174** 

81 4 

21 

233 

333 

70 

Carpinus  caroliniana 

134** 

452 

30 

10** 

13 

77 

192** 

224 

86 

Lindera  benzoin 

220** 

828 

27 

15 

34 

44 

Quercus  coccinea,  Q. 

19** 

85 

22 

40 

128 

31 

118** 

137 

86 

falcata,  Q.  rubra 
Fraxinus  pennsylvanica 

97*-*- 

502 

19 

25** 

40 

63 

4 

12 

33 

Quercus  alba 

18** 

299 

6 

26 

91 

29 

289 

410 

70 

Cercis  canadensis 

11** 

18 

61 

Liquidambar  styraciflua 

44** 

74 

59 

80 

125 

64 

Myrica  cerifera 

103** 

233 

44 

11** 

36 

31 

Liriodendron  tulipifera 

102** 

252 

40 

281 

383 

73 

Cornus  florida 

74* 

194 

38 

134* 

157 

85 

Oxydendron  arboreum 

6 

21 

29 

P.  taeda,  P.  virginiana 

99 

349 

28 

90 

118 

76 

Fagus  grandifolia 

146** 

626 

23 

117 

143 

82 

Castanea  pumila 

33 

44 

75 

Salix  nigra 

575 

850 

68 

Carya  tomentosa 

81 

122 

66 

Nyssa  sylvatica 

20 

34 

59 

Sassafras  albidum 

16 

31 

52 

Rhus  copal lina 

41** 

114 

36 

Juniperus  virginiana 

1 

9 

11 
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analysis.  On  Site  B,  red  maple,  bayberry,  tulip  poplar  (Liriodendron 
tulipifera),  flowering  dogwood,  pines,  and  beech  received  the  heaviest  use 
of  the  13  species  cut  (Table  1).  Seven  species  seemed  to  be  preferred, 
based  on  Chi-square  analysis:  ironwood  (Carpinus  caroliniana),  green  ash, 
red  bud  (Cercis  canadensis),  sweet  gum  (Liquidambar  styraciflua),  bayberry, 
tulip  poplar,  and  flowering  dogwood  (Table  1 ).  On  Site  C,  alder,  red 
maple,  ironwood,  white  oak  (Quercus  alba),  and  especially  black  willow  made 
up  the  bulk  of  the  20  species  of  woody  plants  that  were  cut  (Table  1 ). 
Ironwood,  red  oaks,  and  flowering  dogwood  were  cut  in  greater  (p  <  0.05) 
than  expected  frequencies  (Table  1). 

On  some  sites  and  in  some  seasons,  certain  species  were  cut  less  often 
than  expected  based  on  their  availability  (Table  l).  These  included  red 
maple,  ironwood,  spicebush,  red  and  white  oaks,  greed  ash,  and  beech. 

The  one  dismantled  food  cache  from  Site  A  and  two  caches  front  Site  C 
had  the  same  majority  species  (red  maple,  black  willow,  and  alder)  and  the 
same  six  species  constituting  about  90%  of  each  cache  (Table  2). 

During  the  summer,  cinnamon  fern  (Osmunda  cinnamomea),  lizard's  tail 
(Saururus  cernuus)  various  grasses,  cattails  (Typha  latifolia),  rushes  in 
the  genus  Juncus  and,  once,  the  leaves  of  a  toppled  devil's  walking  stick 
(Aralia  spinosa )  were  eaten.  The  growing  tips  or  buds  of  willow  trees 
sometimes  were  eaten. 

Seasonal  use  could  not  be  determined  at  Site  B  because  of  irregular 
cutting  levels,  and  beavers  were  absent  from  Site  A  in  the  summer  and  also 
cut  less  on  Site  C  then.  However,  for  Sites  A  and  C  it  was  possible  to 
evaluate  the  effects  of  season  on  cutting  during  the  rest  of  the  year.  On 
Site  A,  31  girdled  and  two  felled  green  ash  trees  constituted  the  bulk  of 
cutting  in  spring  (Table  3).  In  winter,  red  maple  was  cut  primarily  for  the 
food  cache  and  viburnum  mostly  for  consumption.  Observed  cutting  levels 
were  significantly  higher  than  expected  cutting  levels  (p  <  0.01 ),  based  on 
abundance  for  each  of  the  three  species. 

Similarly,  at  Site  C,  several  significant  (_p  <  0.01)  seasonal  cutting 
patterns  were  detected:  in  spring,  alder  and  beech;  in  autumn,  alder,  white 
oak,  and  black  willow;  and  in  winter,  alder,  white  oak,  and  beech. 

The  caloric  content  of  woody  tissues  varied  among  the  species  and 
seasons  (Table  4)-  In  all  but  two  species,  lowest  caloric  values  occurred 


Table  2.  The  number  and  percent  values  for  the  woody  plants  used  in  the 
construction  of  three  food  caches,  based  on  what  remained  in  the  spring. 


Site  A 

No.  1,  Site 

C 

No.  2,  Site 

C 

Species 

Number 

% 

Number 

% 

Number 

% 

Acer  rubrum 

70 

61 

15 

8 

8 

6 

Quercus  alba 

16 

14 

4 

3 

Alnus  serrulata 

11 

10 

5 

3 

72 

55 

Fraxinus  pennsylvanica 

10 

9 

2 

2 

Viburnum  nudum 

4 

3 

Quercus  coccinea,  Q. 

2 

1 

7 

5 

falcata,  Q.  rubra 

Fagus  grandifolia 

1 

1 

1 

0.5 

3 

2 

Carpinus  caroliniana 

1 

1 

7 

5 

Salix  nigra 

111 

57 

Liriodendron  tulipifera 

55 

28 

13 

10 

Carya  tomentosa 

4 

2 

8 

4 

Comus  florida 

2 

1 

Liquidambar  styraciflua 

1 

0.5 

Prunus  serotina 

1 

0.5 

Myrica  cerifera 

1 

0.5 

P.  virginiana,  P.  taeda 

2 

2 

Total 

115 

196 

130 

230 
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in  the  summer,  but  the  season  of  highest  values,  which  occurred  in  spring 
(seven  species),  autumn  (two  species),  and  winter  (four  species),  was  more 
variable.  lo  readily  apparent  relationship  was  seen  between  caloric  value 
and  the  frequency  with  which  a  species  was  cut.  Alder  had  the  highest 
average  caloric  value  (Table  4),  and  was  cut  at  higher  than  expected  rates 
on  Site  C.  By  contrast,  red  maple,  with  next  to  the  lowest  average  value, 
was  cut  at  higher  than  expected  rates  on  Site  A  in  the  winter,  when  it  was 
stored  in  a  food  cache  (Table  2). 


Table  3.  Seasonal  use  of  woody  species  at  Sites  A  and  C.  Values  are  the 

number  of  stems  cut  in  each  season.  "*"  and  "**"  represent 
significance  at  the  0.05  and  0.01  levels,  respectively,  for  the 
Chi-square  analysis  within  that  season.  Spring  is  March  through 
May,  Autumn  is  September  through  November,  and  Winter  is  December 
through  February.  Summer  is  excluded  because  beavers  abandoned 
Site  A  then,  and  there  was  greatly  reduced  cutting  in  Site  C  then, 
making  sample  size  too  low  for  analysis. 


Site  A 


Site  C 


Species  Spring  Autumn  Winter  Spring  Autumn  Winter 


Fraxinus  pennsy lvanica 

33** 

7  47 

Viburnum  nudum 

11 

1  81** 

Acer  rubrum 

4 

8  97** 

21 

23 

Alnus  serrulata 

2 

1  41 

32** 

192** 

210** 

Carpinus  caroliniana 

2 

1  24 

13 

74 

28 

Quercus  coccinea,  Q. 

13 

14 

129 

102 

falcata,  Q.  rubra 

Quercus  alba 

15 

4 

190** 

168** 

Fagus  grandifolia 

3 

36** 

11 

123** 

P.  virginiana,  P.  taeda 

13 

21 

74 

Liriodendron  tulipifera 

25 

145 

77 

Carya  tomentosa 

13 

39 

88 

Rhus  copal lina 

13 

52 

39 

Liquidambar  styraciflua 

4 

Salix  nigra 

253** 

Comus  florida 

62 

12 

Table  4*  Caloric  values  (cal/g)  of  woody  species  used  by  beavers,  based 
on  the  results  of  bomb  calorimetry  of  composite  samples. 

Species  Mean  caloric  Seasons 


Alnus  serrulata 
P.  virginiana,  P.  taeda 
Lindera  benzoin 
Viburnum  nudum 
Fraxinus  pennsvylvanica 
Quercus  alba 
Myrica  cerifera 
Salix  nigra 
Carpinus  caroliniana 
Fagus  grandifolia 
Liriodendron  tulipifera 
Acer  rubrum 
Comus  florida 


value 

SX 

Spring 

5424 

2.6 

6204 

5043 

3.6 

4841 

4957 

99.5 

5110 

4880 

175.0 

4511 

4800 

269.6 

5366 

4786 

354.1 

— 

4742 

211.1 

5137 

4625 

165.8 

4648 

4599 

117.1 

4949 

4571 

112.2 

4673 

4550 

187.5 

4872 

4230 

202.0 

4175 

4152 

284.0 

4555 

Summer 

Autumn 

Winter 

4991 

5253 

5251 

4639 

5353 

5339 

4727 

4822 

5171 

4742 

5365 

4903 

4057 

4967 

4812 

4086 

5134 

5146 

4169 

5003 

466O 

4139 

4796 

4918 

4451 

4470 

4527 

4414 

4640 

4559 

3998 

4734 

4598 

3667 

4522 

4558 

4202 

3305 

4489 
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DISCUSSION 

Many  factors  are  likely  to  be  important  in  determining  which  woody 
plants  beavers  cut,  including  availability,  caloric  or  nutritional  value, 
ease  of  cutting,  proximity  to  water,  slope  of  shoreline,  understory 
composition,  season,  and  probably  even  the  age  and  experience  of  the  beaver. 
In  our  study,  as  in  some  others  (Aldous  1938,  Chabreck  1958,  Jenkins  1979, 
Shadle  et  al.  1943,  Stegeman  1954),  beavers  cut  few  large  trees,  using 
instead  the  easier-to-handle  shrubs  and  saplings  and  in  summer,  much 
herbaceous  vegetation.  Although  only  1  to  2%  of  cut  woody  stems  in  each 
area  were  trees,  many  large  trees  (>  30  cm  dbh)  were  partially  or  completely 
girdled  but  not  felled.  Girdling,  which  consisted  of  gnawing  the  bark  and 
cambium  as  high  as  the  beaver  could  reach,  was  most  extensive  in  Site  A, 
where  62  trees  of  several  species  were  girdled  compared  to  11  at  Site  B  and 
18  at  Site  C.  Completely  girdled  trees  were  dead  the  next  season,  but 
partial  girdling  did  not  visibly  affect  the  vitality  of  the  tree.  It  is 
unknown  whether  such  girdling  behavior,  observed  in  other  beaver  studies 
(e.g.,  Chabreck  1958),  is  done  to  acquire  food,  to  kill  undesirable  species, 
to  kill  canopy  trees  and  thus  to  promote  understory  growth  for  use  as  food, 
or  all  of  the  above.  Jenkins  (1978)  speculates  that  beavers  may  remove 
small  pieces  of  bark  to  determine  its  nutritional  quality,  and  hence  which 
trees  to  continue  cutting  and  which  to  abandon. 

A  distinction  should  be  made  between  "selection"  and  "heavy  use." 
"Selection"  (or  preference)  implies  cutting  rates  greater  than  expected 
based  on  availability  (Table  1).  "Heavy  use"  arbitrarily  refers  to  species 
that  were  cut  at  high  frequencies  within  a  season  (>  40%)  or  for  which  90  or 
more  stems  were  cut.  Thus,  although  preferentially  selected,  some  species 
(e.g.,  ironwood,  green  ash,  and  red  bud  on  Site  B,  Table  1)  were  cut  in  such 
small  numbers  that  they  are  probably  relatively  unimportant  in  the  diets  of 
beavers.  Other  species  may  have  been  heavily  used  but  not  necessarily 
selected  in  greater  than  expected  frequencies.  Heavily  used  species  (Table 
1)  included  viburnum  (Site  A),  alder  (A,  C),  red  maple  (C),  ironwood  (B,  C), 
red  oaks  (C),  green  ash  (B),  white  oak  (C),  sweet  gum  (B,  C),  flowering 
dogwood  (B,  C),  bayberry  (B),  tulip  poplar  (B,C),  pine  (B,C),  beech  (B,C), 
black  willow  (C),  and  mockemut  hickory  (Carya  tomentosa  on  Site  C).  Most 
species  have  been  described  as  foods  of  the  beaver  in  previous  studies 
(reviewed  by  Jenkins  1975,  Echternach  1982,  Belovsky  1984). 

Ten  species,  including  many  heavily  used  ones,  were  selected  more  often 
than  expected  on  one  or  more  sites  (Table  1),  including  viburnum,  alder, 
ironwood,  red  oaks,  green  ash,  red  bud,  sweet  gum,  bayberry,  tulip  poplar, 
and  flowering  dogwood.  These  preferred  species  were  the  first  to  receive 
heavy  cutting  when  beavers  moved  Into  an  area.  Despite  the  lack  of 
statistical  significance  for  willow  and  pines,  they  too  were  heavily  used 
when  beaver  activity  was  initiated  in  an  area.  When  the  preferred  food 
species  became  depleted,  beavers  shifted  to  others  located  nearby.  Thus, 
rather  than  search  other  areas  of  shoreline  for  one  or  two  species  they  had 
been  cutting,  beavers  switched  to  one  or  two  other  species  in  the  vicinity 
until  they  too  were  depleted.  Eventually,  the  density  of  stems  was  too  low 
for  beavers  to  continue  cutting  in  an  area,  and  a  new  region  of  shoreline, 
or  even  a  new  stream  and  dam  site,  was  used. 

Shifts  in  cutting  activity  often  were  pronounced,  such  as  the  sudden 
and  heavy  use  of  bayberry  on  Site  B,  where  much  of  the  previously  uncut 
bayberry  was  cut  within  a  few  days.  Heavy  use  of  spicebush  was  recorded  on 
Site  A  early  in  the  study,  before  the  spicebush  was  killed  by  the  water 
impounded  by  the  dam.  Thus,  availability  and  proximity  seemed  to  be 
important  factors  in  the  patterns  of  use.  Our  observations  were  similar  to 
those  of  Shadle  et  al.  (1943),  who  reported  that  red  maple  was  not  heavily 
used  until  after  the  more  highly  preferred  foods  were  exhausted.  In  our 
study  red  maple  was  used  primarily  in  the  construction  of  the  food  cache. 

Season  probably  was  important  in  determining  which  plants  were 
harvested.  Several  investigators  (including  Bradt  1938, Townsend  1953, 
Chabreck  1958,  Svendsen  1980,  among  others)  have  reported  that  beavers  make 
a  major  shift  to  herbaceous  and  aquatic  vegetation  in  spring  and  summer. 
Virginia  beavers  also  used  herbaceous  foods  in  the  warmest  months.  Although 
it  is  difficult  to  quantify  the  consumption  of  herbaceous  foods,  especially 
aquatic  ones,  some  woody  foods  continued  to  be  consumed.  Certainly  the  low 
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caloric  values  in  woody  stems  in  the  summer  (Table  4)  plus  the  increased 
availability  of  herbaceous  and  aquatic  vegetation  at  that  time  are 
consistent  with  the  results. 

Large  food  caches  were  built  in  December  during  two  to  three  weeks  of 
heavy  cutting  in  a  limited  area  close  to  the  cache.  Because  the  ponds 
seldom  were  frozen,  beavers  continued  to  feed  on  land  and  rarely  used  the 
food  caches. 

In  conclusion,  we  observed  heavy  cutting  and  use  of  viburnum,  alder, 
ironwood,  bayberry,  tulip  poplar,  and  dogwood.  Some  species  were  avoided  or 
underused.  Finally,  in  southeastern  Virginia,  beavers  are  on  a  threshold 
of  winter  conditions  which  makes  a  well-constructed  food  cache  necessary 
even  though  it  is  only  partially  used. 
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ABSTRACT 

Ninety-three  cluster  analyses  were  performed  on 
Lychnophora  to  achieve  two  major  goals:  1)  to  confirm 
the  lack  of  concordance  between  flavonoid  and  morpho¬ 
logical  data  in  assessing  species  relationships  sug¬ 
gested  by  previous  work  and;  2)  to  evaluate  the  rela¬ 
tive  effectiveness  of  seven  resemblance  coefficients 
and  three  clustering  methods  in  estimating  phenetic 
relationships  among  Lychnophora  species  using  morpho¬ 
logical,  flavonoid,  and  putative  biosynthetic  pathway 
data.  The  clustering  techniques  were  the  unweighted 
pair-group  method  using  arithmetic  averages  (UPGMA), 
single  linkage  (SLINK),  and  complete  linkage  (CLINK). 
Phenograms  were  compared  in  pair-wise  fashion  by  com¬ 
puting  tree  correlation  coefficients.  In  estimating 
phenetic  relationships  among  Lychnophora  species,  UPGMA 
gave  results  judged  to  be  superior  to  SLINK  and  CLINK 
for  both  chemical  and  morphological  data.  All  resemb¬ 
lance  coefficients  produced  similar  assessments  of 
species  relationships  with  morphological  characters  but 
two  distinct  groups  of  flavonoid  phenograms  were  evi¬ 
dent  which  were  largely  a  result  of  the  differential 
performance  of  two  groups  of  resemblance  coefficients. 
Relationships  among  Lychnophora  species  indicated  in 
morphological  phenograms  were  similar  to  those  reported 
in  the  most  recent  revision  of  Lychnophora  but  these 
trees  were  consistently  distinct  from  flavonoid  pheno¬ 
grams  . 


INTRODUCTION 

Lychnophora  Martius  is  endemic  to  the  Brazilian  states  of 
Minas  Gerais,  Bahia,  and  Goias.  In  their  revision  of  the  genus 
Coile  and  Jones  (1981)  recognized  eleven  species.  The  species 
are  shrubs  with  a  syncephalous  arrangement  of  capitula.  They  are 
adapted  to  a  seasonaly  dry  scrubland  called  Campo  cerrado  (Eiten 
1975).  Introgr essive  hybridization  may  be  a  significant  source 

of  variation  in  some  Lychnophora  species  (Coile  and  Jones  1981; 
Robinson  1983).  King  (1986)  made  a  leaf  flavonoid  study  of  the 
species  of  Lychnophora  accepted  in  the  Coile  and  Jones  revision. 
Five  new  species  named  by  Robinson  (1983)  were  unavailable  for 
flavonoid  analysis.  The  52  flavonoids  identified  were  mostly 
methylated  derivatives  and  O-glycosides  of  quercetin  and  luteolin 
and  C-glycof lavones  based  on  apigenin.  The  flavonoids  were 
distributed  among  the  eleven  species  of  Lychnophora  in  taxon- 
specific  combinations  although  the  species  shared  compounds  in 
all  major  flavonoid  categories.  Numerical  analyses  were  limited 
to  the  flavonoid  data  using  the  UPGMA  clustering  method  applied 
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to  the  resemblance  matrices  developed  by  calculation  of  Jacard 
coefficients  and  minimum  biosynthetic-step  distance  for  each 
species  pair.  The  delimitation  of  Lychnophora  species  by 
flavonoid  profiles  corresponded  closely  to  the  morphological 
delimitation  of  species  by  Coile  and  Jones  (1981).  In  contrast, 
most  of  the  relationships  among  Lychnophora  species  suggested  by 
morphology  were  not  supported  by  the  numerical  treatment  of  the 
flavonoid  data.  The  utility  of  flavonoid  chemistry  in  plant 
systematics  has  been  well  documented  (see  reviews  by  Harborne 
1975;  Giannasi  1978).  Flavonoid  and  morphological  approaches  have 
typically  produced  similar  interpretations  of  relationships  among 
taxa.  Exceptions  are  known,  e.g.  Cor iar ia  (Bohm  and  Ornduff 
1981),  but  cases  as  extreme  as  Lychnophora  are  rare. 

A  number  of  hypotheses  may  be  advanced  as  tentative 
explanations  for  the  lack  of  agreement  between  morphological-  and 
f lavonoid-der ived  species  relationships  in  Lychnophora  including 
evolution  of  morphological  and  chemical  characters  at  different 
rates,  and  complex  or  poorly  understood  patterns  of  reticulate 
evolution  (King  1986).  Alternatively,  these  apparent  differences 
might  simply  reflect  deficiencies  in  the  numerical  methods  chosen 
for  the  analysis  of  the  flavonoid  data  and/or  the  lack  of  a 
similar  evaluation  of  Lychnophora  using  morphological  traits. 

The  major  purposes  of  the  present  study  were:  1)  to  use 
numerical  methods  in  the  estimation  of  relationhsips  among 
Lychnophora  species  using  flavonoid,  biosynthetic-step, 
morphological,  combined  f lavonoid-morphological ,  and  combined 
biosynthetic-morphological  data  matrices  and  to  make  pair-wise 
comparisons  of  the  resulting  phenograms;  2)  to  evaluate  and 
compare  the  effectiveness  of  seven  resemblance  coefficients 
calculated  from  each  data  set  in  reflecting  species 
relationships  and;  3)  to  evaluate  and  compare  the  accuracy  of 
three  different  clustering  methods  in  reflecting  the  species 
relationships  represented  in  each  of  the  data  matrices. 


Table  1.  Alphabetical  list  of  the  Lychnophora  species 
used  in  the  study  and  the  abbreviations. 


Species  Name  Abbreviation 


1. 

L. 

diamantinana  Jones  &  Coile 

DI 

2. 

L. 

ericoides  Martius 

ER 

3. 

L. 

heterotheca  ( Schultz-Bip . )  Jones  &  Coile 

HE 

4. 

L. 

humillima  Schultz-Bip. 

HU 

5. 

L. 

phylicifolia  DC 

PH 

6. 

L. 

salicifolia  Martius 

SA 

7. 

L. 

sellowii  Schultz-Bip. 

SE 

8. 

L. 

staavioides  Martius 

ST 

9. 

L. 

tomentosa  (Martius  ex  DC)  Schultz-Bip. 

TO 

10. 

L. 

uniflora  Schultz-Bip. 

UN 

11. 

L. 

villosissima  Martius 

VI 

NUMERICAL  TAXONOMY  OF  LYCHNOPHORA  (ASTERACEAE)  235 


MATERIALS  AND  METHODS 

The  operational  taxonomic  units  (OTU's)  analyzed  in  the 
numerical  study  were  the  eleven  species  of  Lychnophor a  recognized 
by  Coile  and  Jones  (1981)  and  the  morphological  characters  were 
taken  from  the  species  descriptions  in  that  revision.  The  names 
of  the  species  and  the  abbreviations  used  are  found  in  Table  1. 
Methods  for  leaf  flavonoid  analyses,  distributions  of  compounds 
among  species,  putative  biosynthetic  pathways,  and  voucher 
specimens  are  recorded  in  King  (1986).  For  the  current  study, 
individual  biosynthetic  steps  were  encoded  in  binary  format  as 
were  the  flavonoid  (endproduct)  data  and  all  morphological 
traits.  This  resulted  in  a  maximum  of  177  two-state  characters 
for  each  OTU  when  combined  f lavonoid-morphological  or 
biosynthetic-morphological  data  sets  were  used.  There  were  52 
characters  in  each  chemical  data  set  and  125  characters  in  the 
morphological  data  matrix.  A  list  of  the  morphological  and 
flavonoid  traits  used  is  found  in  Table  2.  Methods  for  encoding 
data  are  found  in  Romesburg  (1984)  and  the  manual  for  the 
computer  program  used  in  the  study  (CLUSTAR)  (Romesburg  and 
Marshall  1984).  The  procedures  summarized  resulted  in  a  total  of 
five  presence/absence  data  matrices:  morphological,  flavonoid, 
combined  morphological-f lavonoid,  biosynthetic,  and  combined 
morphological-biosynthetic . 

Six  qualitative  resemblance  coefficients  were  calculated 
between  each  pair  of  species  using  each  of  the  data  matrices. 
The  Jacard  ( JAC) ,  simple  matching  (SIM),  Sorenson  (SOR),  Rogers 
and  Tanimoto  (RTC),  and  Ochiai  (OCH)  coefficients  are  similarity 
indices  and  Sokal  binary  distance  is  a  measure  of  dissimilarity 
but  numerical  values  for  all  six  coefficients  range  from  0  to  1. 
A  mathematical  treatment  of  these  resemblance  coefficients  and 
relevant  references  are  found  in  Romesburg  (1984).  Additional 
comparisons  of  species  using  putative  biosynthetic  pathways  were 
made  by  determining  the  dissimilarity  coefficient,  minimum 
biosynthetic-step  distance  (MBSD)  (Levy  1977),  as  treated  in  King 
(1986).  The  lower  limit  for  this  coefficient  is  0  while  the 
upper  limit  (maximum  dissimilarity)  depends  on  the  total  number 
of  biosynthetic  steps  possible  for  a  given  set  of  flavonoids. 
The  summarized  manipulations  of  morphological  and  chemical  data 
produced  a  total  of  31  resemblance  matrices  for  cluster  analysis; 
six  from  each  of  the  five  data  matrices  plus  MBSD.  Since  so  few 
of  the  traits  were  quantitative,  no  attempt  was  made  to  use 
coefficients  designed  for  a  mixture  of  qualitative  and 
quantitative  attributes. 

The  clustering  methods  applied  to  resemblance  matrices  were 
the  unweighted  pair-group  method  using  arithmetic  averages 
( UPGMA ) ,  single  linkage  (SLINK),  and  complete  linkage  (CLINK). 
The  application  of  three  clustering  methods  to  each  of  the  31 
resemblance  matrices  resulted  in  the  production  of  93  phenograms 
(trees).  A  cophenetic  correlation  coefficient  (copehetic 
coefficient)  was  computed  for  each  phenogram.  This  coefficient 
compares  the  cophenetic  matrix,  which  defines  the  phenogram,  with 
the  resemblance  matrix  from  which  it  was  derived.  The  cophenetic 
coefficient  is  a  measure  of  distortion,  i.  e.,  how  well  the 
phenogram  represents  the  resemblance  matrix  and  is  the  most 
commonly  used  estimate  of  optimality.  Theoretical  values  for  the 
coefficient  range  from  -  1  to  1  but,  in  practice,  values 
typically  vary  from  0.60  to  0.95  (Sneath  and  Sokal  1973).  While 
no  exact  guidelines  have  been  established,  phenograms  with 
cophenetic  coefficients  of  0.80  or  higher  are  considered  optimal, 
i.  e.,  with  acceptable  levels  of  distortion  (Romesburg  1984). 

Pair-wise  comparisons  of  phenograms  may  be  made  by  computation 
of  tree  correlation  coefficients.  Theoretical  values  for  the 
coefficient  range  from  -1  to  1  (perfect  concordance).  A  tree 
correlation  coefficient  estimates  the  amount  of  congruence 
between  the  cophenetic  matrices  defining  each  of  the  two 
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Table  2.  List  o£  flavonoid  and  morphological  characters  used 
in  the  cluster  analysis  of  Lychnophor a . 


FLAVONOIDS : 

1.  apigenin 

2.  luteolin 

3.  chrysoeriol 

4.  luteolin  4 7-dimethyl  ether 

5.  luteolin  3 7-dimethyl  ether 

6.  luteolin  3 ' , 4 ' , 7-tr imethyl 
ether 

7.  kaempferol  4'-methyl  ether 

8.  quercetin 

9.  quercetin  3-methyl  ether 

10.  quercetin  3 ', 3-dimethyl 
ether 

11.  quercetin  3 4 ' -dimethyl 
ether 

12.  quercetin  3,7-dimethyl  ether 

13.  quercetin  3 ' 3 , 7-tr imethyl 
ether 

14.  quercetin  3 , 4  '  ,  3 , 7-tetra- 
methyl  ether 

15.  luteolin  7-0-glucoside 

16.  luteolin  7-0-diglucoside 

17.  chrysoeriol  7-0-glucoside 

18.  kaempferol  3-0-glucoside 

19.  quercetin  3-0-galactos ide 

20.  quercetin  3-0-glucoside 

21.  quercetin  3-0-arabinos ide 

22.  quercetin  3-methyl  ether 
7-0-galactoside 

23.  isorhamnetin  3-0-r hamnoside 


24.  isorhamnetin  3-0-galactoside 

25.  isorhamnetin  3-0-glucoside 

26.  apigenin  6-C-glycoside 

27.  apigenin  6-C-glycoside 

28.  apigenin  6-C-glycoside 

29.  apigenin  8-C-glycoside 

30.  apigenin  6 , 8-C-diglycoside 

31.  apigenin  6 , 8-C-diglycoside 

32.  apigenin  6 , 8-C-diglycoside 

33.  apigenin  6 , 8-C-diglycoside 

34.  apigenin  6 , 8-C-diglycoside 

35.  apigenin  6 , 8-C-diglycoside 

36.  luteolin  8-C-glycoside 


37.  diosmetin  6-C-glycoside 


38.  diosmetin  6-C-glycoside 

39.  diosmetin  6-C-glycoside 

40.  kaempferol- ( p-coumaroyl ) - 
glucoside 

41.  kaempferol  3-acyl-glycoside 

42.  kaempferol  3-acyl- 
diglycoside 

43.  flavanone  7-0-glycoside 

44.  dihydrof lavonol 

45. -48.  unknown  aglycones 


49.-52.  unknown  glycosides 


Morphological  Characters: 

1.  Habit:  1)  small  shrub,  <  lm;  b)  medium  shrub,  1-2.9  m;  c) 
arborescent  shrub,  >  3m;  d)  loosely  or  simply  branched;  e) 
highly  branched. 

2.  Stem  pubescence:  a)  lannate;  b)  pannose;  c)  tomentose; 
d)  densely  tufted;  e)  canescent;  f)  velutinous;  g) 
glabrate . 

3.  Crowding  of  stem  leaves:  a)  crowded;  b)  uncrowded. 

4.  Leaf  blade  veins:  a)  three  or  more  parallel  veins;  b) 
prominent  midvein. 

5.  Leaf  tip  shape:  a)  acute;  b)  acuminate;  c)  mucronate;  d) 
apiculate;  e)  cuspidate;  f)  obtuse;  g)  rounded. 

6.  Leaf  blade  shape:  a)  subcordate;  b)  slightly  cordate;  c) 
slightly  auriculate;  d)  truncate ;  e )  rounded ;  f )  cuneate . 

7.  Leaf  blade  pubescence  (adaxial):  a)  glabrous;  b)  glabrate; 

c)  tomentose;  d)  canescent;  e)  pilose;  f)  waxy; 
g)  velutinous;  h)  villous;  i)  rugulose. 

8.  Leaf  blade  pubescence  (abaxial):  a)  cinnereous-f elted  to 
pannose;  b)  tomentose  to  canescent-tomentose ;  c)  lannate; 

d)  basally  floccose. 

9.  Inflorescence  position :  a)  terminal;  b)  lateral. 

10.  Degree  of  syncephaly:  a)  primary;  b)  secondary;  c) 
tertiary. 

11.  Number  f lowers/head :  a)  <  4;  b)  4  -  6;  c)  >  6. 
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Table  2.  (continued). 


12.  Phyllary  length  (mm):  a)  <  8;  b)  8  -  11;  c)  >  11. 

13.  Pappus  color:  a)  white;  b)  straw;  c)  brown. 

14.  Inner  palea  length  (mm):  a)  <  8;  b)  8  -  11;  c)  >  11. 

15.  Outer  scale  length  (mm):  a)  <  1.1;  b)  1. 1-2.0;  c)  >  2.0. 

16.  Corolla  length  (mm):  a)  <  9;  b)  9-12.5;  c)  >  12.5. 

17.  Corolla  lobe  pubescence:  a)  glabrous;  b)  hirsute;  c) 
pilose;  d)  glandular. 

18  Corolla  color*,  a)  white;  b)  pink;  c)  reddish-purple. 

19.  Anther  length  (mm):  a)  >  3.7;  b)  2. 4-3.7;  c)  <  2.4. 

20.  Achene  length  (mm):  a)  >  3.7;  b)  2. 4-3. 7;  c)  <  2.4. 

21.  Achene  ribs:  a)  present;  b)  absent. 

22.  Achene  shape:  a)  3-4  angle;  b)  not  3-4  angled. 

23.  Pollen  type:  a)  type  A;  b)  type  A-B. 

24.  Inflorescence  shape:  a)  globose;  b)  subglobose  (semi- 
spherical,  semiglobose ) ;  c)  flattened;  d)  conical  or 
elongate . 

25.  Bracts  subtending  glomerules:  a)  present;  b)  absent. 

26.  Phyllary  tip  characteristics:  a)  arachnoid;  b)  tuft  of 
hairs;  c)  villous;  d)  glandular;  e)  fimbriate;  f)  glabrous; 
g)  brown;  h)  tomentose;  i)  pilose;  j)  glossy. 

27 .  Achene  characteristics:  a)  strigose;  b)  glabrous;  c) 
glandular;  d)  sparsely  glandular;  e)  brownish. 

28.  Leaf  shape:  a)  linear;  b)  lanceolate;  c)  linear-lanceolate; 
d)  elliptic;  e)  elliptic-oblong;  f)  oblong-lanceolate; 

g)  oblanceolate ;  h)  obvate;  i)  ovate-lanceolate;  j)  subulate; 
k)  linear-elliptic. 

29.  Leaf  length  (cm):  a)  <  7;  b)  7-12.5;  c)  >  12.5. 

30.  Leaf  width  (cm):  a)  <  0.2;  b)  0.2-2. 2;  c)  2. 3-4. 3;  d)  4.4- 
6.4;  e )  >  6.4. 

31.  Petiole  length  (mm):  a)  apetiolate;  b)  0.1-2. 5;  c)  >  2.5. 


phenograms  being  compared.  In  the  resulting  resemblance  matrix 
(matrix  of  tree  correlation  coefficients)  the  OTU ' s  are  the 
phenograms  being  compared.  This  matrix  may  be  cluster  analyzed. 
It  would  require  4372  computations  of  tree  correlation 
coefficients  to  make  all  possible  pair-wise  comparisons  of  the  93 
phenograms  produced  in  this  study  and  it  would  not  be  practical 
to  cluster  analyze  such  a  large  matrix  directly.  In  the 
Lychnophora  study  the  problem  was  partially  solved  by  batch 
processing  in  a  systematic  fashion.  Based  on  cophenetic 
coefficients,  the  93  phenograms  were  categorized  as  optimal  (  > 
0.79),  near-optimal  (0.70  -  0.79),  and  unacceptable  (<  0.70). 
All  optimal  and  near-optimal  phenograms  were  used  at  some  stage 
in  the  batch  processing.  A  selection  of  eleven  phenograms  from 
among  the  38  categorized  as  unacceptable  was  also  used.  This 
selection  included  phenograms  derived  from  morphological, 
chemical,  and  combined  data  matrices.  Phenograms  were  compared 
in  various  combinations  (batches)  of  10  to  15  phenograms  by 
computation  of  tree  correlation  coefficients  between  each  species 
pair  in  each  batch.  Each  of  the  resulting  tree  correlation 
matrices  was  UPGMA  cluster  analyzed.  For  the  sake  of  clarity, 
the  small  phenograms  resulting  from  the  cluster  analyses  of  these 
matrices  are  called  dendrograms  since  the  OTU's  of  which  they  are 
composed  are  themselves  phenograms.  All  dendrograms  were  visually 
inspected.  Representative  phenograms  from  each  subgroup 
(cluster)  within  each  dendrogram  were  selected  for  further 
comparisons  in  batches  of  10  to  15  phenograms.  The  process  was 
repeated  until  a  final  tree  correlation  matrix  comparing  15 
phenograms  was  achieved.  The  dendrogram  resulting  from  UPGMA 
cluster  analysis  of  this  last  matrix  is  believed  to  adequately 
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summarize  the  variation  among  the  66  phenograms  considered  in  the 
comparisons.  Nearly  500  pair-wise  comparisons  of  phenograms  were 
made  during  the  batch  processing.  The  logic  of  the  batch 
processing  is  as  follows:  If  A  has  been  demonstrated  to  resemble 
B  and  if  B  has  been  shown  to  resemble  C  then  A  must  resemble  C. 
If  a  high  degree  of  congruence  is  demonstrated  among  a  cluster  of 
phenograms  in  a  dendrogram  and  if  a  high  degree  of  congruence  is 
found  among  another  group  of  phenograms  in  a  second  dendrogram 
then  it  is  not  necessary  to  make  all  possible  comparisons  among 
the  phenograms  from  each  dendrogram  in  order  to  determine  the 
degree  of  similarity  between  members  of  the  two  groups; 
typically,  only  comparisons  among  one  to  three  phenograms  from 
each  group  are  required. 

It  became  evident  early  in  the  study  that  UPGMA  produced 
optimal  or  near-optimal  phenogrms  more  frequently  than  SLINK  or 
CLINK  regardless  of  the  data  matrix  or  resemblance  coefficient 
used  in  estimating  relationships  among  Lychnophor a  species.  For 
this  reason,  16  representative  UPGMA-der ived  phenograms  were 
selected  as  OTU ' s  and  compared  in  pair-wise  fashion  by  tree 
correlation  coefficients.  The  resulting  matrix  was  UPGMA  cluster 
analyzed  and  the  result  presented  as  a  dendrogram.  This  approach 
allowed  a  more  refined  evaluation  of  the  different  similarity  and 
dissimilarity  coefficients  using  the  comparisons  of  Lychnophora 
species  since  variations  among  phenograms  due  to  different 
clustering  methods  were  removed.  The  16  phenograms  included 
trees  developed  from  morphological,  flavonoid,  biosynthetic,  and 
combined  data  matrices. 

From  among  the  66  phenograms  compared,  two  were  selected  for 
visual  comparison  and  presentation  that  are  believed  to 
accurately  represent  the  phenetic  relationships  inherent  in  the 
chemical  and  morphological  data.  Two  criteria  were  used  in 
making  these  selections.  Firstly,  each  of  the  phenograms  were 
chosen  from  among  the  optimal  ones.  The  second  criterion  was 
consistency.  Each  phenogram  was  selected  from  among  a  large 
group  of  trees  with  a  high  degree  of  congruence  among  them  as 
demonstrated  by  the  multiple  comparisons  of  phenograms. 

In  this  study,  the  cophenetic  correlation  and  tree  correlation 
coefficients  have  been  used  to  compare  specific  kinds  of 
matrices.  Both  of  these  coefficients  are  the  Pearson  product- 
moment  correlation  coefficient  (PMC)  described  in  most  elementary 
statistics  texts;  however,  when  PMC  is  applied  to  these  special 
cases  it  is  renamed  (Sneath  and  Sokal  1973;  Romesburg  1984). 

RESULTS 


Calculation  of  cophenetic  correlation  coefficients  for  the  93 
phenograms  produced  in  the  cluster  analyses  of  Lychnophora 
species  resulted  in  a  continuum  of  values  (x  100)  ranging  from  52 
to  88.  Eighteen  of  the  phenograms  were  optimal  (19%),  37  near- 
optimal  (40%),  and  38  unacceptable  (41%).  Table  3  includes  all 
of  the  cluster  analyses  that  produce  optimal  and  near-optimal 


phenograms 
trees  are 
phenograms 
phenograms 
cophenetic 
UPGMA-  and 
for  a  CLINK 


and  eleven  of  the  unacceptable  ones.  These  66 
those  used  in  the  pair-wise  comparisons  of 
by  means  of  tree  correlation  coefficients.  The 
of  Table  3  are  arranged  in  descending  order  of 
coefficients.  Twelve  of  the  optimal  phenograms  were 
six  SLlNK-der ived .  The  largest  cophenetic  coefficient 
phenogram  was  79.  When  the  near-optimal  phenograms 
were  considered,  17  were  UPGMA,  16  CLINK,  and  4  SLINK.  Cluster 
analyses  of  flavonoid,  biosynthetic,  and  morphological  data 
matrices  each  produced  similar  numbers  of  optimal  phenograms  (4  - 
6)  and  also  of  near-optimal  trees  (6  -  8). 

Regardless  of  the  clustering  method  or  data  matrix  used,  the 
resemblance  coefficients  which  most  frequently  resulted  in 
optimal  phenograms  were  RTC  (5),  SIM  (4),  and  SBD  (5).  Four  of 
the  six  phenograms  developed  using  the  specialized  index  MBSD 
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were  optimal.  No  cophenetic  correlations  above  78  occurred  for 
trees  developed  using  OCH  or  SOR  as  resemblance  coefficients. 
When  the  37  near-optimal  phenograms  are  considered  the 
distribution  among  coefficients  is  as  follows:  SIM  (6),  SOR  (7), 
OCH  (8),  RTC  (9),  SBD  (9),  and  JAC  (12).  No  optimal  phenograms 
were  developed  from  combined  morphological-chemical  data  matrices 
but  16  were  near-optimal;  8  from  morphological-f lavonoid  and  8 
from  morphological-biosynthetic  matrices.  Twleve  of  these  16 


Table  3.  Sixty-six  numerical  analyses  performed  on 
Lychnophora  including  A)  clustering  method;  B)  resemblance 
coefficient;  C)  data  matrix;  D)  cophenetic  correlation 
coefficient  (rounded  from  four  decimals,  xlOO).  Abbreviations: 
BI  =  biosynthetic;  FL  =  flavonoids;  MO  =  morphological;  MB  = 
morphological-biosynthetic;  MF  =  morphological-f lavonoid ; 

MBD  =  minimum  biosynthetic-step  distance.  Other  abbreviations 
as  in  text. 


Tree 

No. 

A 

B 

C 

D 

Tree 

No . 

A 

B 

C 

D 

Optimal  (1  - 

18)  : 

1. 

UPGMA 

RTC 

FL 

88 

34. 

UPGMA 

OCH 

FL 

76 

2. 

UPGMA 

RTC 

BI 

88 

35. 

UPGMA 

SOR 

MF 

76 

3. 

UPGMA 

SBD 

FL 

87 

36. 

UPGMA 

OCH 

MF 

76 

4. 

UPGMA 

SBD 

BI 

87 

37. 

SLINK 

SIM 

MO 

76 

5. 

UPGMA 

SIM 

FL 

86 

38. 

CLINK 

MBD 

— 

75 

6. 

UPGMA 

SIM 

BI 

86 

39. 

CLINK 

SOR 

MB 

75 

7. 

SLINK 

RTC 

BI 

85 

40. 

CLINK 

OCH 

MB 

75 

8. 

SLINK 

SBD 

BI 

85 

41. 

CLINK 

SOR 

FL 

73 

9. 

SLINK 

SIM 

BI 

84 

42. 

CLINK 

OCH 

FL 

73 

10. 

UPGMA 

RTC 

MO 

83 

43. 

CLINK 

OCH 

MO 

73 

11. 

UPGMA 

MBD 

— 

83 

44. 

CLINK 

SOR 

MF 

73 

12. 

UPGMA 

SBD 

MO 

83 

45. 

UPGMA 

JAC 

BI 

73 

13. 

UPGMA 

SIM 

MO 

83 

46. 

UPGMA 

JAC 

BI 

72 

14. 

SLINK 

MBD 

— 

81 

47. 

CLINK 

OCH 

MF 

72 

15. 

SLINK 

RTC 

FL 

80 

48. 

UPGMA 

JAC 

BI 

72 

16. 

UPGMA 

JAC 

MO 

80 

49. 

SLINK 

JAC 

MF 

72 

17. 

UPGMA 

JAC 

FL 

80 

50. 

CLINK 

JAC 

BI 

71 

18. 

SLINK 

SBD 

FL 

80 

51. 

CLINK 

JAC 

BI 

71 

52. 

UPGMA 

RTC 

MF 

71 

Near- 

optimal 

(19  - 

55) 

: 

53. 

UPGMA 

RTC 

MB 

71 

54. 

UPGMA 

SBD 

MF 

71 

19. 

UPGMA 

JAC 

MF 

79 

55. 

UPGMA 

SBD 

MB 

71 

20. 

UPGMA 

JAC 

MB 

79 

21. 

CLINK 

SIM 

FL 

79 

Unacceptable : 

22. 

CLINK 

RTC 

FL 

79 

23. 

CLINK 

SBD 

FL 

79 

56. 

UPGMA 

SIM 

MF 

69 

24. 

CLINK 

JAC 

MB 

78 

57. 

UPGMA 

SIM 

MB 

69 

25. 

UPGMA 

OCH 

MO 

78 

58. 

SLINK 

JAC 

MO 

69 

26. 

SLINK 

RTC 

MO 

77 

59. 

CLINK 

JAC 

MO 

68 

27. 

UPGMA 

SOR 

FL 

77 

60. 

UPGMA 

SOR 

BI 

68 

28. 

UPGMA 

SOR 

MO 

77 

61. 

SLINK 

JAC 

FL 

68 

29. 

UPGMA 

SOR 

MB 

77 

62. 

SLINK 

JAC 

MB 

68 

30. 

CLINK 

JAC 

FL 

77 

63. 

CLINK 

SOR 

BI 

67 

31. 

UPGMA 

OCH 

MB 

77 

64. 

SLINK 

SOR 

MF 

67 

32. 

SLINK 

SBD 

MO 

77 

65. 

SLINK 

OCH 

MO 

65 

33. 

CLINK 

RTC 

BI 

76 

66. 

CLINK 

RTC 

MO 

62 
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Figures  1-2. 

Comparisons  of  selected  OTU’s  by  UPGMA  cluster  analysis.  Fig.  1. 
Dendrogram  depicting  the  relationships  among  15  phenograms  resulting 
from  various  combinations  of  clustering  methods,  resemblance  coefficients, 
and  data  matrices.  Fig.  2.  Dendrogram  depicting  the  relationships  among  16 
UPGMA  phenograms  which  were  developed  using  various  combinations  of 
resemblance  coefficients  and  data  matrices.  The  sequential  numbers  for 
OTU’s  correspond  to  those  in  Table  3.  Abbreviations  as  in  Table  3  and  text. 
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phenograms  were  developed  using  JAC,  SOR,  and  OCH.  The  Jacard 
coefficient  seems  to  be  particularly  compatible  with  the  combined 
data  sets  since  the  three  phenograms  with  the  highest  cophenetic 
values  (78  -  79)  were  produced  using  JAC;  two  from  morphologicl- 
biosynthetic  and  one  from  morphological-f lavonoid  data  matrices. 

The  dendrogram  in  Figure  1  depicts  the  relationships  among  15 
OTU's.  These  OTU's  are  phenograms  produced  by  UPGMA,  SLINK,  and 
CLINK  cluster  analyses  of  the  resemblance  matrices  derived  from 
the  flavonoid,  biosynthetic,  and  morphological  data  sets  of 
Lychnophora .  The  dendrogram  in  Figure  2  presents  the 
relationships  among  16  UPGMA  phenograms  produced  by  cluster 

resemblance  matrices  derived  from  flavonoid, 
morphological,  and  combined  data  sets  of 
The  matrices  of  tree  correlation  coefficients 
corresponding  to  the  UPGMA-generated  dendrograms  of  Figures  1  and 
2  are  found  in  Table  4.  The  cophenetic  correlation  coefficient 
(x  100)  for  the  dendrogram  in  Figure  1  is  98  and  95  for  that  in 
Figure  2.  These  dendrograms  are  the  product  of  the  multiple 
comparisons  of  the  66  phenograms  of  Table  3  by  batch  processing 
of  the  tree  correlation  coefficient  matrix.  The  OTU's  used  in  the 


analysis  of 
biosynthetic , 
Lychnophora . 


Table  4.  Resemblance  matrices  of  tree  correlation  coefficients 
[rounded  from  four  decimals,  x  100)  for  pair-wise  comparisons  of  15  CLINK 
3LINK ,  and  UPGMA  phenograms  (above  diagonal)  and  16  UPGMA  phenograms  (below 
Hagonal).  Sequential  numbers  correspond  to  those  in  Figures  1  and  2. 
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comparisons  (Figs.  1  and  2)  represent  the  most  significant 
variations  among  the  phenograms  produced  in  the  study  and  the 
dendrograms  summarize  the  relationships  among  the  trees  listed  in 
Table  3. 

Two  major  groups  of  OTU's,  phenograms  developed  from  chemical 
data  matrices  and  those  developed  from  the  morphological  data 
matrix,  are  apparent  in  Figure  1.  A  given  data  set  and 
particular  clustering  method  typically  produced  similar 
phenograms  regardless  of  the  resemblance  coefficient  used  (also 
evident  in  Fig.  2).  Trees  produced  by  SLINK  tend  to  be  more 
similar  to  UPGMA-der ived  phenograms  than  those  resulting  from 
CLINK.  For  a  given  clustering  method  and  data  matrix,  trees  with 
cophenetic  correlations  from  75  to  79  are  reasonably  similar  to 
those  considered  optimal;  however,  the  addition  of  OTU's  with 
lower  and  lower  cophenetic  correlation  coefficients  resulted  in 
increased  chaining  in  the  dendrogram. 

In  Figure  2  the  OTU's  are  clustered  in  three  major  groups. 
Groups  II  and  III  consist  of  phenograms  developed  from  chemical 
data  matrices.  Both  clusters  include  flavonoid  and  biosynthetic- 
step  phenograms.  Group  II  is  composed  of  trees  developed  using 
JAC  and  SOR  as  similarity  coefficients  while  group  III  consists 
of  phenograms  produced  using  RTC  and  SIM.  Flavonoid  and 
biosynthetic  phenograms  based  on  SBD  and  those  produced  using 
MBSD  are  highly  correlated  with  each  other  and  to  those  in  group 
III  (tree  correlations:  89  -  99)  but  they  were  not  included  in 
the  dendrogram.  Trees  produced  using  morphological  and  combined 
data  matrices  are  highly  correlated  among  each  other  (group  I) 
but  distantly  related  to  all  chemically  derived  phenograms. 
In  group  I,  trees  produced  using  JAC,  SOR,  and  OCH  are  very 
closely  related.  For  both  morphological  and  combined  data 
matrices,  trees  based  on  SIM,  RTC,  and  SBD  are  identical  or 
nearly  nearly  identical  to  each  other  but  the  SBD  tree  is  not 
represented  in  Figure  2. 

In  Figures  3  and  4  the  OTU's  are  the  species  of  Lychnophora 
and  the  trees  are  optimal  phenograms  chosen  for  visual  inspection 
and  comparison.  They  are  representative  UPGMA  trees  selected 
from  those  groups  of  phenograms  (Fig.  2)  that  are  believed  to 
assess  most  accurately  phenetic  relationships  among  the  species. 
The  resemblance  matrices  corresponding  to  each  phenogram  are  in 
Table  4. 


DISCUSSION 


An  optimum  phenogram  is  one  which  is  produced  with  the  least 
distortion  in  the  process  of  transforming  the  similarity  among 
species  into  a  tree.  Optimality  has  been  estimated  in  this  study 
by  cophenetic  correlation  coefficients.  Based  on  this  criterion, 
UPGMA  is  the  most  reliable  clustering  method  for  all  Lychnophora 
data  sets  and  resemblance  matrices. 

Whether  or  not  a  given  analysis  produces  an  optimal  phenogram 
depends  on  the  compatibility  among  the  data  matrix,  resemblance 
coefficient,  and  clustering  method  being  used.  In  the  numerical 
study  of  Lychnophora ,  a  large  number  of  combinations  of  character 
sets,  resemblance  indices,  and  clustering  techniques  have 
produced  a  continuum  of  optimal  and  near-optimal  trees.  There  is 
a  significant  amount  of  diversity  among  these  phenograms  and  it 
becomes  difficult  to  choose  an  acceptable  phenogram  from  among 
the  array  of  optimal  ones.  Regardless  of  the  clustering  method 
or  resemblance  coefficient  used,  the  flavonoid  phenograms  are 
consistently  distinct  from  the  morphological  trees  so  the 
dichotomy  between  species  relationships  suggested  by  flavonoid 
chemistry  and  morphology  is  not  an  artifact  of  a  particular 
numerical  approach.  It  becomes  necessary,  therefore,  to 
represent  phenetic  relationships  among  Lychnophora  species  by  a 
least  two  phenograms;  flavonoid  and  morphological. 

The  clustering  of  chemical  phenograms  into  two  major  groups  is 
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Figures  3-4. 

UPGMA-RTC  cluster  analyses  of  Lychnophora  species.  Fig.  3.  Phenogram 
depicting  relationships  among  the  11  Lychnophora  species  using  flavonoid 
profiles.  The  numbers  to  the  right  of  each  OTU  are  the  numbers  of 
flavonoids  found  in  each  species  profile.  Fig.  4.  Phenogram  depicting 
morphological  relationships  among  the  Lychnophora  species.  The  difference 
in  clustering  level  between  the  first  and  last  node  are  given  at  the  top  of  each 
phenogram.  Abbreviations  for  the  species  are  found  in  Table  1. 
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largely  a  result  of  the  differential  performance  of  two  groups  of 
resemblance  coefficients;  SIM,  RTC ,  SBD  and  JAC,  SOR,  OCH,  rather 
than  to  differences  resulting  from  use  of  endproduct  and 
biosynthetic-step  data  or  to  different  clustering  methods.  The 
first  three  coefficients  include  0-0  matches  (mutual  absence) 
in  comparisons  of  species  while  the  others  do  not.  SIM  and  RTC 
are  monotonically  related  as  are  JAC  and  SOR  (Romesburg  1984). 
RTC  gives  twice  the  weight  to  mismatches  and  SOR  doubly  weights  1 
-  1  matches  (mutual  presence).  SBD,  SOR,  and  OCH  are  the 
qualitative  equivalents  respectively  of  the  average  Euclidean 
distance,  Bray-Curtis,  and  Cosine  coefficients  for  quantitative 
traits.  Each  of  the  six  coefficients  used  treats  all  flavonoids 
as  endproducts  as  if  they  were  uniformly  complex  and  equally 
informative  characters.  MBSD  is  the  sum  of  the  number  of 
biosynthetic  steps  that  distinguish  a  pair  of  flavonoid  profiles 
and  allows  a  weighted  evaluation  of  similarities  (Levy  1977). 
The  weighting  is  a  function  of  the  complexity  of  compounds. 
Methods  of  flavonoid  isolation  from  plant  material  will  not 
detect  unsequestered  intermediates  of  biosynthetic  pathways  so 
two  taxa  with  quite  different  flavonoid  profiles  could  actually 
be  quite  similar  biosynthetically .  Among  related  species,  all 
indices  of  comparative  chemical  similarity  employ  the  same 
implicit  assumption,  that  common  endproducts  reflect  phylogenetic 
inheritance  (Levy  1977).  Biosynthetic-step  indices  are  believed 
to  produce  a  better  estimate  of  evolutionary  relationships  than 
compound-identity  indices  (Crawford  and  Levy  1978).  In 
Lychnophora ,  binary  coding  of  biosynthetic  steps  and  use  of  RTC 
and  SIM  produced  resemblance  matrices  which  presented  species 
relationships  nearly  identical  to  those  for  MBSD.  In  addition, 
the  biosynthetic  and  endproduct  approaches  typically  produced 
similar  phenograms  for  a  given  clustering  method. 

For  chemical  data  (endproduct  and  biosynthetic)  six  UPGMA  and 
five  SLINK  phenograms  using  SIM,  RTC,  and  SBD  are  optimal.  The 
highest  cophenetic  correlations  are  associated  with  the  UPGMA 
phenograms.  The  UPGMA  and  SLINK  trees  developed  using  MBSD  are 
also  optimal.  In  contrast,  only  one  chemical  phenogram  produced 
using  JAC,  SOR,  and  OCH  is  optimal  ( UPGMA-JAC-Flavonoid ) .  For 
optimal  and  near-optimal  trees  there  is  a  high  degree  of 
congruence  among  chemically  derived  UPGMA  phenograms  and  also 
among  SLINK  phenograms  but  usually  much  less  concordance  between 
members  of  each  group.  It  is  concluded  that  UPGMA  phenograms 
based  on  SIM,  RTC,  and  SBD  best  represent  the 
flavonoid  and  biosynthetic  relationships  among  Lychnophora 
species  and  mutual  absence  of  traits  may  be  more  relevant  Tn 
making  species  comparisons  with  the  chemical  data  than  with 
morphological  characters.  Davis  and  Heywood  (1963)  state  than 
mutual  absence  does  not  constitute  similarity,  while  Sneath  and 
Sokal  (1973)  believe  that  it  does  in  some  cases.  Parker  (1976) 
suggested  that  use  of  negative  matches  in  comparisons  based  on 
flavonoid  characters  might  lead  to  unwarranted  conclusions  in 
some  instances  but  produced  similar  phenograms  using  JAC  and  SIM 
in  his  numer ical-f lavonoid  treatment  of  the  Limanthaceae . 

The  phenogram  chosen  to  represent  the  flavonoid  relationships 
among  Lychnophora  species  was  produced  by  UPGMA  cluster  analysis 
of  the  RTC  similarity  matrix  derived  from  the  flavonoid 
(endproduct)  data  set  (Fig.  3).  The  phenogram  has  a  cophenetic 
correlation  of  88  so  distortion  is  minimal.  Obviously  the  choice 
of  this  particular  phenogram  is  to  some  extent  arbitrary  since 
there  is  one  tree  which  is  identical  ( UPGMA-SIM-Flavonoid )  and 
several  flavonoid  and  biosynthetic  ones  which  are  very  similar 
(Figs.  1  and  2).  Based  on  tree  correlation  coefficients  and 
visual  comparisons,  these  phenograms  are  judged  to  be  minor 
variations  about  a  central  theme,  best  estimated  by  the  UPGMA- 
RTC-Flavonoid  phenogram. 

As  in  the  numerical  analyses  of  the  chemical  data,  use  of  RTC, 
SIM,  and  SBD  with  morphological  characters  resulted  in  phenograms 
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that  are  more  similar  among  themselves  than  to  those  produced  by 
JAC,  SOR,  and  OCH  but  the  differences  between  these  two  groups  of 
morphlogical  phenograms  are  relatively  small.  Although 
cophenetic  correlation  coefficients  are  typically  lower  for 
morphological  trees  than  for  flavonoid  or  biosynthetic  ones,  the 
multiple  comparisons  of  trees  demonstrated  that  overall  variation 
among  morphological  phenograms  is  much  less.  Morphological 
phenograms  derived  by  UPGMA  cluster  analysis  of  RTC,  SIM,  and  SBD 
resemblance  matrices  are  nearly  identical  and  have  cophenetic 
correlation  coefficients  of  82  to  83.  The  UPGMA-RTC  tree  (Fig. 
4)  was  selected  for  presentation  because  it  is  reasonably 
representative  of  the  morphologically  based  phenograms  and 
morphological  similarities  among  Lychnophora  species  and  it  is 
the  most  logical  choice  from  among  the  acceptable  ones  for 
comparison  with  the  UPGMA-RTC-Flavonoid  phenogram. 

For  a  given  clustering  method  and  resemblance  coefficient, 
phenograms  developed  from  combined  morphological-f lavonoid  and 
morphological-biosynthetic  data  matrices  are  only  moderately 
to  slightly  different  from  morphological  trees  although  none  of 
them  have  cophenetic  correlation  coefficients  above  79.  The 
near-optimal,  combined-data  trees  were  UPGMA-der ived  phenograms 
based  on  JAC,  SOR,  and  OCH.  These  similarity  coefficients  are 
the  indices  which  seemed  to  perform  with  the  least  reliability 
with  the  chemical  data  matrices.  The  close  similarity  between 
combined-data  phenograms  and  morphological  trees  is  probably 
more  a  result  of  the  much  larger  number  of  morphological 
characters  used  than  to  any  inherent  superiority  of  the 
morphological  traits.  Certainly,  visual  inspection  of  the. 
morphological  data  matrix  suggested  that  a  significant  amount  of 
redundancy  is  present.  There  appears  to  be  a  large  amount  of 
overlap  among  species  for  distributions  of  many  morphological 
characters  although  this  is  a  feature  shared  to  a  some  extent 
by  flavonoid  profiles.  It  is  possible  that  a  more  selective  use 
of  morphological  characters  is  needed  in  the  numerical  analysis. 
At  any  rate,  the  dichotomy  between  species  relationships 
suggested  by  morphological  and  flavonoid  phenograms  would  seem  to 
make  trees  based  on  combined  data  matrices  unrealistic  since  they 
largely  hide  the  taxonomic  implications  of  the  flavonoid 
chemistry . 

The  morphological  relationships  among  Lychnophora  species 
shown  in  the  UPGMA-RTC  phenogram  (Fig.  4)  agree  in  most  cases 
with  those  suggested  by  Coile  and  Jones  (1981).  The  major  area 
of  disagreement  is  the  placement  of  L.  diamantinana  and  L. 
heterotheca  which  are  considered  more  dTstantly  related  in  the 
numerical  assessment  of  morphological  similarities.  These  two 
species  are  linked  together  in  the  flavonoid  phenogram  (Fig.  3); 
otherwise,  the  flavonoid  relationships  among  Lychnophora  species 
are  quite  different  from  morphological  ones.  In'  the 
morphological  tree  the  clusters  are  slightly  more  distinct  than 
for  the  flavonoid  phenogram  in  which  more  chaining  is  evident. 
An  important  point  illustrated  by  both  phenograms  and  their 
corresponding  resemblance  matrices  (Table  5)  is  the  high  degree 
of  relatedness  among  all  Lychnophora  species.  In  the 
morphological  phenogram  the  differences  in  clustering  level 
between  the  first  node  and  the  last  linkage  point  is  only  18  and 
38  for  the  flavonoid  tree  so  linkages  of  OTU ' s  and  groups  of 
OTU ' s  occur  within  rather  narrow  ranges.  As  the  resemblance 
matrices  indicate,  most  species  are  equidistant  or  nearly 
equidistant  from  several  other  species..  In  the  flavonoid 
phenogram  (Fig.  3)  the  numbers  to  the  right  of  each  OTU  are  the 
numbers  of  flavonoids  in  each  species  profile.  The  general 
arrangement  of  species  from  lower  to  higher  numbers  of  compounds 
and  the  chaining  in  the  tree,  which  reflects  overlapping  species 
profiles,  essentially  describes  a  continuum.  Species  flavonoid 
profiles  seem  to  represent  variations  in  numbers  of.  compounds 
derived  evolutionar ily  from  a  common  flavonoid  "pool",  which  is 
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Table  5.  Resemblance  matrices  (rounded  from  four  decimels,  RTC 
x  100)  for  pair-wise  comparisons  of  Lychnophora  species  using 
flavonoids  (above  diagonal)  and  morphological  characters  (below 
diagonal).  The  abbreviations  DI  through  VI  are  of  the  specific 
epithets  of  each  species  (see  Table  1)  and  correspond  to  those  in 
Figures  3  and  4. 
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to  a  large  extent  expressed  by  the  L.  salicif olia  profile 
containing  41  compounds  and  one  or  more  derivatives  from  each  of 
the  flavonoid  classes  encountered  in  the  genus. 

In  the  phenetic  sense  both  the  morphological  and  flavonoid 
phenograms  (Figs.  3  and  4)  seem  reasonable  estimates  of 
relationships  among  Lychnophora  species  although  the  patterns  of 
distribution  of  morphological  and  flavonoid  characters  among  taxa 
are  different.  It  is  unlikely  that  either  phenogram 
satisfactorily  reflects  evolutionary  relationships,  at  least  in 
terms  of  attempting  to  manufacture  a  branched  phylogeny  from  the 
information  presented  in  these  phenograms  or  the  corresponding 
resemblance  matrices.  I  have  suggested  (King  1986)  that 
evolution  in  Lychnophora  probably  occurred  as  a  "shotgun  pattern" 
of  adaptive  radiation  .  If  that  is  the  case  then  the  differences 
in  the  morphological  and  flavonoid  phenograms  are 
phylogenetically  irrelevant.  The  approach  usually  taken  in 
flavonoid  studies  is  to  produce  evolutionary  schemes  based  on  a 
framework  already  determined  by  morphology.  At  present  this  is 
not  possible  for  Lychnophora  since  no  morphological  phylogeny 
has  been  developed.  I  believe,  however,  that  the  results  of  the 
numerical  analyses  of  the  morphological  and  flavonoid  data  are 
consistent  with  my  hypothesis  of  adaptive  radiation,  especially 
the  relatively  poor  definition  of  species  clusters,  but  also,  the 
considerable  variability  among  morphological  and  flavonoid  trees 
produced  by  different  clustering  methods,  the  lack  of  concordance 
between  morphological  and  flavonoid  phenograms  and,  conversely, 
the  similar  relationships  among  Lychnophora  species  suggested  by 
the  endproduct  and  biosynthetic-step  approaches  with  the 
flavonoid  data. 
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The  results  of  the  phenetic  study  assume,  of  course,  the 
validity  of  the  data  matrices  and  the  compatibility  of  the 
numerical  techniques  with  these  data.  The  species  of  Lychnophora 
are  highly  variable  in  flavonoids  and  isolation  of  compounds  and 
the  survey  proved  especially  difficult  in  this  genus.  The  species 
are  also  highly  variable  morphologically  and  introgressive 
hybridization  is  suspected  (Coile  and  Jones  1981).  The  new 
species  named  by  Robinson  (1983)  have  not  yet  been  placed  in 
context  with  the  Coile  and  Jones  revision.  It  is  likely  that 
problems  remain  in  the  delimitation  of  flavonoid  and 
morphological  variation  in  the  genus.  The  numerical  procedures 
applied  to  Lychnophora  certainly  do  not  exhaust  the  range  of 
phenetic  methodologies  available.  A  cladistic  analysis  might 
provide  some  insight  into  evolutionary  relationships  in 
Lychnophora  and  one  is  planned  using  the  computer  package  PHYLIP 
(Felsenstein  1984);  however,  based  on  the  results  of  the  phenetic 
study  and  my  hypothesis  for  the  pattern  of  radiate  evolution  in 
the  genus,  I  predict  the  following  general  results:  1)  especial 
difficulty  in  finding  the  most  parsimonious  cladogram  regardless 
of  the  method  used;  2)  lack  of  congruence  among  morphological 
cladograms  and  also  among  flavonoid  trees;  and  3)  lack  of 
congruence  between  morphological  and  flavonoid  cladograms. 
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ABSTRACT 

Buchloe  dactyloides  (Nutt.)  Engelm.,  buffalo  grass, 
Poaceae,  is  reported  growing  in  Virginia  for  the  first 
time.  The  ecological  setting  and  possible  origins  are 
discussed.  Soil  parameters  are  compared  for  two  dif¬ 
ferent  sites.  The  voucher  specimen  is  pictured. 


INTRODUCTION 

On  July  4,  1986,  the  junior  author  attended  the  official 
opening  of  Poplar  Forest,  Thomas  Jefferson's  old  country  estate, 
to  public  visitation.  Several  patches  of  a  gray-green,  curly- 
leaved  grass  were  observed  growing  on  the  south  (rear)  lawn  75- 
100  feet  from  the  famous  residence.  The  grass  was  particularly 
noticeable  because  of  its  color  difference  and  apparent  drought 
tolerance,  the  time  being  in  the  middle  of  one  of  the  most  severe 
drought  and  high  temperature  periods  of  record.  On  this  date  no 
inflorescences  were  collected. 

After  preliminary  identification  of  the  grass  being  Buchloe 
dactyloides  (Nutt.)  Engelm.,  buffalo  grass,  voucher  specimens  of 
both  sexes  (Figure  1)  were  collected  by  the  authors  on  August  20, 
1986.  Although  the  description  for  the  genus  (Chase,  1951) 
states  that  plants  may  be  either  monoecious  or  dioecious,  those 
at  the  Bedford  County  site  are  dioecious.  Our  identification  was 
confirmed  by  Thomas  F.  Weiboldt,  Associate  Curator  of  the  Herbar¬ 
ium  at  Virginia  Polytechnic  Institute  and  State  University. 
Voucher  specimens  of  our  recent  collection,  #39470,  of  Buchloe , 
in  addition  to  those  at  LYN,  have  been  distributed  to  LONG.,  U.S. 
VPI,  and  WILLI. 

Buchloe  is  a  monotypic  genus  (Gleason,  1963)  and  had  an 
aboriginal  distribution  from  southern  Canada  south  to  Mexico  and 
east  to  Northwestern  Louisiana  and  the  Coastal  Bend  of  Texas.  In 
the  latter  area  it  is  a  predominant  species  on  neutral  to 
slightly  alkaline  heavy  clay  soils  but  does  not  grow  on  adjacent 
sandy  loams  (Gould  and  Box,  1965).  Our  collection  is  apparently 
the  first  from  Virginia  not  being  listed  in  Harvill,  et.  al. 

(  1986  )  . 
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ECOLOGICAL  SETTING  AND  ORIGIN  OF  BUCHLOE  AT  POPLAR  FOREST 

The  soil  at  Poplar  Forest  is  in  the  Cullen  series  (McDaniel, 
et.  al.,  1987)  and  is  derived  from  mixed  acidic  and  basic  rock 
under  deciduous  forest.  In  its  original  state  the  surface  (A 
horizon)  was  a  reddish-brown  heavy  loam  or  clay  loam  and  the  sub¬ 
soil  (B  horizon)  a  dark  red  clay  that  is  moderately  to  strongly 
acidic.  When  Mr.  Jefferson  constructed  his  home  on  the  hilltop, 
beginning  in  1806  (Betts,  1944)  a  broad  trench  about  two  hundred 
feet  wide  and  from  one  to  three  and  one-half  feet  deep  was  exca¬ 
vated  southward  from  the  residence.  The  buffalo  grass  is  growing 
on  the  bottom  of  this  trench,  on  the  side  slopes  and  on  the 
portion  which  we  presume  is  the  original  surface  of  the  hilltop. 

Since  Mr.  Jefferson  inherited  "Poplar  Forest"  in  1773  as  a 
natural  result  of  the  death  of  Mrs.  Jefferson's  father,  John 
Wayles  (Betts,  1944),  we  may  presume  the  portions  of  the  Poplar 
Forest  estate  were  cleared  and  cultivated  prior  to  the  commence¬ 
ment  of  building  in  the  19th  Century.  From  this  we  may  suppose 
that  the  area  has  been  maintained  as  a  yard  for  a  least  one 
hundred  and  eighty  years. 

It  is  known  that  r.  Meriwether  Lewis  brought  back  from  the 
Lewis  and  Clark  Expedition  a  significant  collection  of  plants  and 
seeds  from  the  western  portions  of  the  United  States  (Betts, 
1944).  Although  old  records  have  been  searched  for  hours,  we 
have  been  unable,  so  far,  to  determine  if  buffalo  grass  was  among 
them.  This  is  an  intriguing  possibility,  but  a  more  probable 
origin  is  that  the  seeds  of  buffalo  grass  got  to  Poplar  Forest  as 
a  contaminant  in  Kentucky  Bluegrass  seed  grown  in  the  Northern 
Great  plains,  perhaps  South  Dakota,  where  commercial  production 
of  bluegrass  lawn  seed  has  been  considerable  in  the  twentieth 
century  (Gould  and  Box,  1965).  Attempts  to  use  buffalo  grass  for 
seeding  grass  waterways  on  farms  and  for  seeding  lawns  and  rec¬ 
reational  areas  in  some  southern  states  other  than  Virginia  are 
mentioned  by  Leithead,  et.  al.,  (1971). 

The  soil  analysis  shown  in  Table  1  gives  some  insight  into 
the  reason  why  a  chance  seeding  at  Poplar  Forest  might  succeed 
there  and  not  in  other  locations  where  the  seeds  might  have 
arrived  as  contaminants  as  explained  above.  After  comparing  the 
data  in  Table  1  it  can  be  concluded  that  the  soil  under  the 
buffalo  grass  in  significantly  different  from  that  in  a  former 
cultivated  field  under  tall  fescue  three  hundred  feet  away.  The 
pH  is  5  times  less  acidic.  There  is  56%  more  P,  72%  more  K,  36% 
more  Ca,  5%  more  Mg  and  130%  more  organic  matter.  The  plant 


Table  1. 

Comparison  of  Chemical  Analysis  of  Soils  1-4  inch  Depth 


Soil  Feature 

Under  Buffalo  Grass 
Original  Topsoil 

Under  Tall  Fescue 
Former  Cultivated 
Field  300  Ft.  From 
Buffalo  Grass 

pH 

6.0 

5.5 

P 

13  lb. /acre 

7.0  lb. /acre 

K 

314  lb. /acre 

183  lb. /acre 

Ca 

2400  lb. /acre 

1753  lb. /acre 

Mg 

240  lb. /acre 

235  lb. /acre 

Organic  Matter 

*3.5% 

*1.5% 

*Experienced  Visual  Estimate 


The  natural  range  of  Buchloe  includes  the  soil  groups 
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Figure  1. 

Herbarium  voucher  sheet  #39470  (LYN)  of  Buchloeldactyloides  (Nutt.) 
Engelm.  showing  two  staminate  plants  (top)  and  two  pistillate  plants 
(bottom). 


nutrient  and  pH  status  of  the  soil  are  more  similar  to  prairie 
soils  than  any  the  junior  author  has  examined  in  the  mid-Atlantic 
states,  as  is  the  stable  crumb  structure  of  the  surface  layer. 
(Strahler  and  Strahler,  1984)  classed  primarily  as  drier  Alfi- 
sols,  Aridosols  and  Mollisols  with  a  small  portion  of  its  most 
southeastern  range  including  the  Utisols  as  are  found  in  Vir¬ 
ginia.  We  do  not  mean  to  insinuate  that  the  Utisol  of  the  Buch- 
loe  site  in  Virginia  is  highly  comparable  to  the  Utisols  in 
Buchloe 1 s  native  range.  However,  there  are  interesting  soil 
parameter  comparisons  which  may  be  made,  other  than  those  men¬ 
tioned  already,  which  are  being  considered  for  future  study. 

It  is  well  documented  (Betts,  1944)  that  Thomas  Jefferson 
possessed  an  intense  interest  in  agriculture  and  had  experimental 
plantings  both  at  Poplar  Forest  and  Monticello.  He  obtained 
plants,  cuttings,  seeds,  and  other  plant  propagules  from  a  vari¬ 
ety  of  sources.  It  is  an  intriguing  possibility  that  buffalo 
grass  could  have  been  obtained  from  the  Lewis  and  Clark  Expedi¬ 
tion  or  some  other  source  and  has  persisted  since  Jefferson's 
day. 
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At  the  Poplar  Forest  location  buffalo  grass  became  purplish 
with  the  onset  of  cold  weather  and  after  a  killing  frost  became 
straw-colored  similar  to  Bermuda  grass,  Cynodon  dactylon  (L.) 
Pers.  In  much  of  its  native  habitat  where  precipitation  and 
humidity  are  low,  the  grass  "cures"  in  situ  and  provides  nutri¬ 
tious  forage  for  livestock  and  wildlife. 

Since  buffalo  grass  forms  a  dense  sod  (most  of  the  sod 
houses  on  the  plains  were  made  predominantly  from  this  species) 
it  might  have  some  erosional  control  potential  for  dry,  steep 
slopes.  But,  this  potential  is  diminished  by  its  apparently  high 
nutrient  reguirements ,  and  the  difficulty  of  harvesting  the  low- 
growing  seeds.  Of  course,  as  a  stolonif erous  perennial  it  can  be 
propagated  by  planting  sprigs.  As  a  lawn  grass  for  our  area,  the 
species  lacks  the  dark  green  summer  color  subjectively  desired  by 
most  people  and  has  a  brown  dead  appearance  of  Bermuda  grass  and 
Zoysia  sp.  in  winter. 
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The  first  record  of  the  seminole  bat,  Lasiurus  seminolus , 
(Chiroptera:  Vespertilionidae )  from  Virginia 
Thomas  M.  Padgett 

Department  of  Biological  Sciences 
Old  Dominion  University 
Norfolk,  Virginia  23508 

On  5  October  1983,  I  collected  a  female  seminole  bat 
(Lasiurus  seminolus)  at  the  mouth  of  Jericho  Ditch  along  the 
north  shore  of  Lake  Drummond  in  the  Great  Dismal  Swamp  National 
Wildlife  Refuge  in  southeastern  Virginia.  It  represents  the 
first  known  record  of  this  species  from  Virginia. 

Measurements  are  as  follows:  total  length,  100  mm;  forearm 
length,  41  mm;  length  of  hind  foot,  9  mm;  ear,  10  mm;  and  weight, 
8.0  g.  The  specimen  was  preserved  as  a  study  skin  and  has  been 
deposited  at  the  U.  S.  National  Museum  of  Natural  History  (USNM 
448256  )  . 

In  North  Carolina,  Barkalow  and  Adams  (1955)  reported  one 
specimen  each  from  Wake  and  Mecklenburg  counties,  and  Clarke  et 
a  1  .  (1985)  reported  several  specimens  from  the  southeastern 

coastal  plain.  Two  specimens  have  been  reported  from 
Pennsylvania  (Poole,  1932;  1949)  and  one  from  New  York  (Layne, 

1955).  The  Dismal  Swamp  is  located  approximately  480  km  south 
of  the  Pennsylvania  location  and  220  km  north  of  the  nearest 
North  Carolina  location.  The  specimen  was  shot  in  flight  at  1745 
(56  minutes  before  sunset)  when  the  ambient  temperature  was  24  C. 

Barbour  and  Davis  (1969)  believed  that  L seminolus 
disperses  randomly  over  large  areas  after  the  breeding  season 
ends.  The  breeding  range  of  L._  seminol_us  is  considered  to  be 
coincidental  with  the  distribution  of  Spanish  moss  (Tillandis 
usneoides),  an  epiphytic  bromeliad,  which  occurs  in  the  region. 

In  Virginia,  Spanish  Moss  is  found  only  in  Seashore  State  Park, 

55  km  from  Lake  Drummond  in  the  city  of  Virginia  Beach. 
However,  there  are  habitats  with  Spanish  moss  in  North  Carolina 
that  are  less  than  30  km  from  Lake  Drummond.  Thus,  the  presence 
of  a  breeding  population  in  the  region  cannot  be  discounted. 

Acknowledgments:  I  thank  Charles  0.  Handley,  Jr.  for  verifying 
the  identification  of  the  seminole  bat.  The  specimen,  now  at  the 
National  Museum  of  Natural  History,  was  collected  under  a  permit 
issued  by  the  USFWS  and  the  Dismal  Swamp  Refuge.  I  thank  the 
Refuge  staff  for  their  cooperation  and  support. 
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OF  THE  VIRGINIA  BARRIER  ISLANDS 

A  Symposium  Proposed  for  the  1988  VAS  Annual  Meeting 
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By 


Raymond  D.  Dueser 
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University  of  Virginia 
Charlottesville,  VA  22903 
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Background  and  Motivation.  The  biota  of  the  Virginia 
barrier  islands  has  been  the  subject  of  western  curiosity, 
exploration  and  exploitation  since  the  landing  of  Captain  John 
Smith  on  Smith  Island  in  1608.  Biological  investigations  have 
both  diversified  and  intensified  during  the  past  15  years, 
following  the  acquisition  of  many  of  the  islands  by  The  Nature 
Conservancy  and  the  establishment  of  the  Virginia  Coast  Reserve. 
This  trend  promises  to  continue  with  the  proposed  establishment 
of  the  Virginia  Coast  Reserve/  Long-Term  Ecological  Research 
program  by  the  University  of  Virginia,  The  Nature  Conservancy  and 
the  National  Science  Foundation.  If  funded  as  proposed,  this 
program  will  implement  and  facilitate  the  collection  of  long-term 
observations  on  the  flora,  fauna  and  geology  of  this  dynamic 
barrier-lagoon  complex. 

A  symposium  on  the  biota  of  the  Virginia  barrier  islands 
would  foster  communication  among  independent  research  programs  at 
a  number  of  institutions  and  agencies,  and  would  lay  the 
foundation  for  future  cooperation  and  intellectual  cross¬ 
fertilization.  The  resultant  published  volume  (V.J.S.)  would  draw 
together  a  wealth  of  data  on  the  biota  of  the  islands,  indicate 
the  "state  of  the  art"  of  our  understanding  of  this  biota  at  the 
outset  of  the  VCR/LTER  program,  and  serve  as  the  basic  reference 
for  future  research  activities  on  the  VCR.  The  proposed  volume 
would  become  the  benchmark  reference  for  research  on  the  biota  of 
this  unique  coastal  natural  area. 
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Virginia  Academy  of  Science 
Executive  Committee  Meeting 
Old  Dominion  University 
Minutes:  March  7,  1987 


The  meeting  was  called  to  order  by  President  Murray  at  10:15  a.m.  Members  and 
guests  present:  W.  Banks,  M.  Bass,  B.  Bruner,  D.  Decker,  J.  Martin,  J. 

Murray,  A.  Penberthy,  C.  Blair,  W.  West,  and  A.  Burke. 

President  Murray  opened  the  meeting  with  his  report.  In  response  to  the 
passing  of  Dallas  Cocke,  President  Murray  had  sent  a  letter  to  her  husband 
expressing  the  sympathy  of  the  VAS  and  our  gratitude  for  her  long  service  to 
the  Academy. 

He  also  sent  a  notice  to  all  the  section's  chairman  informing  them  of  the 
money  available  for  supporting  section  activities.  This  money  is  the  result 
of  the  action  taken  by  Council  at  its  1986  Fall  meeting  to  increase  the 
President's  budget  for  this  purpose.  He  had  received  a  request  from  the 
Biology  section  to  support  its  symposium  on^Species  of  Special  Concern  in 
Virginia4‘and  had  agreed  to  support  this  symposium. 

President  Murray  announced  that  the  Negus  Lecturer  will  be  Dr.  Barry  Wolfe  of 
the  Medical  College  of  Virginia  of  Virginia  Commonwealth  University.  The  next 
item  reported  regarded  the  Council's  desire  to  support  the  amicus  curiae  brief 
on  the  Louisiana  Creationism  case.  President  Murray  said  that  the  rolls  had 
been  closed  before  our  letter  had  arrived  but  they  expressed  their 
appreciation  for  the  VAS  support. 

President  Murray  then  referred  to  the  alarming  report  from  Blanton  Bruner 
regarding  our  drop  in  membership  from  1500  in  the  early  1970' s  to  approxi¬ 
mately  1100.  Blanton  Bruner  suggested  that  the  VAS  should  put  on  a  member¬ 
ship  drive.  Dean  Decker  and  President  Murray  both  indicated  that  it  seems  to 
be  easier  to  get  support  for  national  meetings  than  for  the  VAS.  There  was  a 
consensus  of  opinion  from  Bill  Banks,  Warwick  West,  Dean  Decker,  Arthur  Burke, 
and  others  that  we  need  individuals  at  the  academic  institutions,  and  industry 
as  well,  who  will  actually  recruit  members  for  the  V AS.  Other  suggestions 
were  made  such  as  having  an  ongoing  membership  committee.  An  off  shoot  of 
this  discussion  concerned  the  formation  of  a  legislative  action  committee  that 
would  increase  the  VAS's  visibility.  Arthur  Burke  suggested  that  we  form  an 
Ad  Hoc  committee  on  Science  and  Technology.  President  Murray  asked  if  the 
ideas  discussed  for  this  Ad  Hoc  committee  are  not  already  under  the  Science 
Advisory  Committee.  President  Murray  said  he  would  bring  this  up  at  the  V AS 
Council  meeting.  President  Murray  reported  that  he  had  appointed  Ann 
Penberthy  as  the  VAS  Liaison  to  the  Virginia's  for  Law  Reform  organization. 

Next,  President-elect  Bill  Banks  reported  that  he  had  attended  the  initiation 
ceremony  at  the  Capitol  in  Richmond  for  Continuous  Electron  Beam  Accelerator 
Facility  (CEBAF)  as  the  VAS  representative  since  President  Murray  was  unable 
to  attend.  This  facility  in  Newport  News  has  attracted  world-class  scientists 
to  this  facility.  Bill  Banks  also  said  that  he  had  sent  a  letter  to  the 
scientists  on  the  lists  of  CEBAF  inviting  them  to  become  members  of  the 
Academy.  He  also  sent  a  copy  of  the  CEBAF  bulletin  with  a  letter  to  the 
section  chairman  of  engineering,  astronomy,  mathematics,  physics,  and 
chemistry  to  acquaint  them  with  formation  of  CEBAF  in  Virginia.  CEBAF  is  run 
under  the  auspices  of  Southeastern  Universities  Research  Association  (SURA). 

He  also  mentioned  in  his  letter  the  activities  of  the  VJAS  in  hope  that 
eventually  CEBAF  can  become  actively  involved  with  the  VJAS  activities. 
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Arthur  Burke  suggested  that  CEBAF  be  contacted  by  President-elect  Banks  and 
President  Hurray  about  a  symposium  for  the  1988  meeting  at  the  University  of 
Virginia.  Ann  Penberthy  reported  that  there  are  people  looking  into  the 
presentation  of  a  general  program  sponsored  by  the  psychology  section 
regarding  the  ratification  of  the  U.  S.  Constitution. 

President  Murray  reported  that  a  presentation  regarding  the  formation  of  the 
Virginia  Museum  of  Natural  History  would  be  given  during  the  V AS  Conference. 
The  request  for  an  announcement  being  included  in  the  V AS  mailing  for  the 
annual  meeting  was  discussed.  Jim  Martin  suggested  that  it  could  be  included 
in  the  next  issue  of  the  Journal,  also.  The  suggestion  to  include  the 
announcement  in  the  mailing  and  the  Journal  was  approved  by  the  Executive 
Committee. 

There  were  no  reports  by  the  Secretary  or  Treasurer  of  the  Academy. 

The  Executive  Secretary  Blanton  Bruner  brought  up  the  management  of  the 
Fellows  Fund.  President  Murray  responded  that  he  had  recommended  to  Vera 
Remsburg  that  the  money  management  of  the  Fellows  Fund  should  be  by  the  Trust 
Committee  in  conjunction  with  the  other  assembled  funds  that  are  separate  from 
the  Horsley  Trust;  but  that  the  disbursement  should  be  by  the  Fellow's 
themselves.  Warwick  West  stated  that  he  had  no  consensus  from  the  Fellows 
about  how  the  disbursement  should  be  handled.  It  was  suggested  that  the 
Fellows  discuss  this  item  and  report  later. 

Blanton  Bruner  reported  on  his  efforts  to  find  a  carrier  to  insure  the  meeting 
for  the  four  days.  He  has  not  been  successful.  He  then  handed  out  a  copy  of 
the  Auditor's  report. 

Dean  Decker  reported  on  the  Virginia  Junior  Academy  of  Science.  He  suggested 
that  the  main  problems  come  from  the  increased  participation  and  that  the 
Executive  Committee  needs  to  address  the  growth  of  the  VJAS.  He  said  that 
with  the  elimination  process  in  place  now,  less  than  10%  of  the  papers 
developed  by  students  make  it  to  the  VJAS  annual  meeting.  He  predicts  now 
even  an  increase  in  the  rate  of  growth.  He  listed  five  potential  solutions 
for  these  problems  in  his  report.  The  Committee  discussed  the  problems  but 
came  to  no  consensus  except  that  the  Committee  and  Council  must  continue  to 
address  the  problem  in  a  way  that  will  not  discourage  but  encourage  young 
scienti sts. 

Meeting  adjourned  at  12:05  p.m. 


Respectfully  submitted 


MLB : mtt 


Michael  L.  Bass,  Ph.D. 
Secretary 
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Virginia  Academy  of  Science 
Winter  Council  Meeting 
Old  Dominion  University 
Minutes:  March  7,  1987 


President  Murray  called  the  meeting  to  order  at  1:05  p.m.  Members  present: 

W.  Banks,  M.  Bass,  C.  Blair,  B.  Bruner,  A.  Burke,  D.  Decker,  K.  Lawless,  J. 
Martin,  J.  Murray,  A.  Penberthy,  G.  Sanzone,  E.  Thompson,  D.  Ulrich,  and  W. 
West. 

The  first  item  of  business  was  the  clarification  of  the  invitation  to 
exhibitors  without  charge  for  those  who  had  contributed  extraordinarily  to  the 
program  of  the  VAS  And  VJAS.  President  Murray  ruled  that  the  President-elect, 
the  Director  of  the  VJAS  and  the  Chairman  of  the  Local  Arrangements  Committee 
(LAC)  should  have  the  authority  to  specify  the  criteria  for  the  1987  meeting. 

The  next  item  was  the  report  of  the  LAC  by  Chairman  Carvel  Blair.  The  work 
for  the  annual  meeting  is  up  to  date  and  on  schedule.  President  Murray 
thanked  Chairman  Carvel  Blair  and  his  Local  Arrangements  Committee  on  behalf 
of  the  Academy  for  their  work. 

President  Murray  moved  to  his  report  with  the  following  items. 

1.  On  behalf  of  the  Academy  the  President  wrote  to  Mr.  Richard  Cocke  to 
express  our  sympathy  on  the  death  of  Mrs.  Dallas  Cocke  and  our  gratitude  for 
her  long  and  faithful  service  to  the  Academy. 

2.  In  response  to  Council's  action  at  the  fall  meeting  regarding  financial 
aid  to  the  sections,  only  one  request  for  support  has  been  received.  $150  has 
been  allocated  to  support  the  Biology  Section's  symposium  "Species  of  Special 
Concern  in  Virginia." 

3.  Dr.  Barry  Wolf  from  MCV/VCU  will  be  the  Negus  Lecturer  for  the  1987 
annual  meeting. 

4.  The  action  of  council  at  the  fall  meeting  came  too  late  for  the  Academy 
to  join  the  amicus  curiae  brief,  but  the  litigants  expressed  their 
appreciation  of  our  action. 

5.  Blanton  Bruner's  report  showed  a  serious  decline  in  membership  from  1,224 
members  on  1/1/86  to  1,121  on  1/1/87.  The  Executive  Committee  discussed  some 
ideas  to  help  turn  this  trend  such  as:  having  one  faculty  member  per  campus 
being  responsible  for  membership  recruitment,  involving  more  industry 
personnel  in  the  Academy,  encouraging  the  administrators  of  the  academic 
institutions  to  attend  the  VAS  annual  meetings,  organize  special  symposia  and 
get  involved  in  political  action,  at  the  state  level,  and  getting  lists  of 
scientists  in  Virginia  and  sending  them  a  personal  invitation  to  join  the 
Academy.  The  Council  discussed  these  ideas  and  more.  Arthur  Burke  suggested 
that  we  update  the  Science  Advisory  catalog  and  make  it  available  to  the 
Governor  and  the  General  Assembly  to  help  increase  our  visibility  in  the 
Commonwealth.  After  further  discussion  Arthur  Burke  moved  that  we  approach 
the  Center  for  the  Study  of  Science  and  Society  at  Virginia  Tech  with  the 
proposal  that  they  cooperate  with  the  Academy  in  carrying  out  a  science 
manpower  analysis  in  Virginia  to  update  and  expand  the  directory.  Bill  Banks 
seconded  the  motion  and  it  was  passed  unanimously.  Ertle  Thompson  reminded 
the  Council  that  we  have  been  and  are  still  a  conservative  group  who  have 
generally  been  reactive  and  not  a  proactive  group  when  addressing  or 
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participating  in  science  and  society  issues.  After  some  further  discussion 
and  in  light  of  the  previous  discussion  and  passed  motion,  Arthur  Burke  moved 
that  the  President  appoint  an  Ad  Hoc  Science,  Technology  and  Legislative 
Issues  Committee.  This  committee  would  study  avenues  of  developing  better 
relations  with  the  government  in  non-party  partisan  politics  in  addressing 
science  and  society  issues.  The  motion  was  seconded  and  passed  unanimously. 
After  the  very  positive  discussion  of  this  important  and  timely  issue  of  the 
role  of  science  in  society,  it  was  moved  by  Arthur  Burke  and  seconded  by 
Jim  Martin  that  we  approach  the  practitioners  of  this  discipline  to  determine 
their  interest  in  aligning  with  the  Academy  as  a  section.  The  motion  was 
passed  unanimously.  Jim  Martin  mentioned  that  two  years  ago  the  Academy 
published  in  the  journal  a  symposium  on  "The  Effect  of  Science  and  Technology 
on  Society"  and  he  gets  requests  regularly  for  copies  of  that  journal  volume. 
Warwick  West  reminded,  that  to  become  a  section  of  the  Academy  they  would  only 
have  to  have  one  successful  program  with  the  Academy  at  its  Annual  meeting. 

The  President  then  moved  to  the  next  item  in  his  report  regarding  the  Finance 
Committee.  He  summarized  the  Executive  Committee's  discussion  of  Vera 
Remsberg's  letter  concerning  the  Fellow's  Fund.  It  was  moved  by  Warwick  West 
and  seconded  by  Arthur  Burke  that  the  Fellow's  Fund  would  be  administered  by 
the  Trust  Committee  as  the  other  endowment  funds  are  now  administered.  The 
motion  passed  unanimously.  Implied  in  the  motion  was  the  previous  discussion 
that  the  Fellows  shall  make  some  provision  for  the  expenditure  of  this  fund 
at  a  later  date.  The  monies  to  be  spent  from  this  fund  should  be  from  the 
income  and  not  from  the  principle.  The  purpose  of  this  Fellow's  Fund  is: 

To  make  available  funds  for  supporting  activities  of  the  Virginia  Academy 
not  normally  covered  in  the  annual  budget.  Examples  where  such  funds  may 
be  used: 

1.  Publication  of  special  research  papers. 

2.  Financial  support  for  Fellows  meeting,  if  requested. 

3.  Special  projects  by  sections  (not  continuous  long  ranged  ones). 

4.  Supplements  for  special  guest  speakers  by  the  Senior  Academy. 

The  use  of  interest  earned  from  the  Trust  should  reach  those  special  areas 
within  the  Academy's  activities  for  a  more  gracious  reflection  of  the  Virginia 
Academy  of  Science. 

The  next  item  concerned  the  local  chapter  affiliation  with  the  Academy. 

Kenneth  Lawless,  Chairman  of  the  Long  Range  Planning  Committee,  said  that  his 
committee  had  no  firm  recommendation  to  the  Council  at  this  time  as  to  the 
mechanism  for  the  affiliation  with  the  Academy.  George  Sanzone  suggested  that 
these  local  chapters  could  affiliate  with  the  appropriate  Academy  section. 
Arthur  Burke  moved  and  was  seconded  by  Jim  Martin  that  (a)  the  Council  inform 
the  Biology  Club  at  the  University  of  Virginia  that  the  Academy  would  be 
receptive  to  them  having  a  local  club  meeting  in  association  with  the  VAS 

There  were  no  reports  from  the  following  committees:  Constitution  and  By 
Laws,  Finance  and  Endowment,  and  Fund  Raising. 

Membership 

The  Committee  recommended  that  nothing  be  done  to  raise  the  life  membership 
cost  at  this  time.  However,  after  some  discussion  the  President  recommended 
that  the  cost  issue  be  referred  to  the  Constitution  and  By  Laws  Committee  for 
a  recommendation  to  Council.  Arthur  Burke  moved  and  Jim  Martin  seconded  that 
this  issue  be  referred  to  next  year's  membership  committee  for  more  study  and 
recommendations.  Motion  passed. 


News  &  Notes 
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Nominations  and  Elections 

Report  listed  the  members  nominated  for  the  following: 

President  -  R.  Jay  Stipes  and  Stewart  Ware 
Secretary  -  Paul  J.  Homsher  and  Gilbert  S.  Trelawny 
Treasurer  -  Albert  T.  Sneden  and  Golde  I.  Holtzman. 

There  were  no  formal  reports  from  the  following  committees:  Publications, 
Research,  Science  Advisory,  and  Science  Education. 

Trust  Committee 

Members  of  the  Trust  Committee  met  with  Ms.  Jennifer  L.  Royal  of  Anderson  & 
Strudwick,  Inc.  in  Richmond  to  review  the  current  status  of  the  VAS  trust 
funds.  The  name  of  the  V AS  account  was  changed  to  the  Virginia  Academy  of 
Science  Research  Fund  Account  and  the  Bethel  High  School  funds  were  placed  in 
a  fund  entitled  Virginia  Academy  of  Science  Bethel  High  School  Fund  Account. 
The  above  funds  and  the  $40,000  accumulation  still  remain  in  a  savings  account 
until  a  decision  has  been  reached  concerning  their  investment. 

On  March  6,  Ms.  Royal  left  Anderson  &  Strudwick  and  joined  Dr.  Paula  Collier 
at  Dominick  &  Dominick,  Inc.  Dale  Ulrich  recommended  that  we  transfer  back  to 
Dominick  &  Dominick  and  Dr.  Collier  in  the  Academy's  best  interest. 

Arthur  Burke  moved  that  we  accept  the  report  and  the  following  resolution  from 
the  Trust  Committee: 

RESOLVED  that  the  Council  of  the  Virginia  Academy  of  Science  hereby 
authorizes  its  Trust  Committee  to  transfer  funds  of  the  Virginia 
Academy  of  Science  which  are  now  invested  with  Anderson  &  Strudwick, 

Inc.  to  investment  management  by  the  firm  of  Dominick  &  Dominick,  Inc. 
in  Richmond,  Virginia,  to  be  conducted  in  cooperation  with  the  Trust 
Committee. 

Blanton  Bruner  recommended  that  the  Council  allow  the  Trust  Committee  to  have 
the  descretion  to  handle  the  funds  as  they  see  fit  to  encourage  their  active 
participation  in  making  better  investment  decisions. 

President  Murray  remarked  that  the  Trust  Committee  does  have  that  authority. 
Arthur  Burke  recommended,  that  the  proper  wording  to  incor,  jrate  "without  fee 
and  without  bond"  regarding  the  Trust  Committees  duties  and  action  should  be 
sent  to  the  Constitution  and  By  Laws  Committee. 

With  no  more  reports  or  business  the  meeting  was  adjourned  at  4:25  p.m. 


Respectfully  submitted. 


Michael  L.  Bass,  Ph.D. 
Secretary 
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VIRGINIA  ACADEMY  OF  SCIENCE 
VIRGINIA  JUNIOR  ACADEMY  OF  SCIENCE 
1988  MEETING 
UNIVERSITY  OF  VIRGINIA 

MAY  24  -  27 

***** 


1987-88  OFFICERS 

PRESIDENT-ELECT 


Stewart  Ware 


Professor  of  Biology,  College  of 
William  and  Mary.  Graduate  of 
Millsaps  College  and  Vanderbilt 
University.  Teaching  interests 
include  general  ecology,  synecology, 
and  biogeography.  Research  inter¬ 
ests:  forest  community  ecology  and 
plant  autecology.  Ecology  editor  of 
journal  Cas  tabea ,  former  Department 
Chairman. 

Serv  ice'  to  VAS 

Member  since  1968.  Founding  chair¬ 
man,  Botany  Section.  Editor  of 
Virginia  Journal  of  Science  for  five 
years.  Fellow  of  the  Academy. 


SECRETARY 
Paul  J.  Homsher 

Associate  Dean,  College  of  Sciences 
and  Professor  of  Biology,  Old  Dominion 
University.  Research  interests: 
genetics  and  reproductive  biology  of 
acarines.  Director,  Biomedical 
Sciences  Program  of  Old  Dominion 
Un  iv  e  r  s  i  ty  /  Ea  s  t  e  r  n  Virginia  Medical 
School,  1978-82. 

Serv ice  to  VAS 

Chairman,  VJAS  Fund-raising  Committee, 
1976;  Chairman,  Population  Biology 
Section,  VJAS,  1975-78;  Member,  VJAS 
Committee,  1975-78;  Judge,  VJAS,  1971— 
78  &  1986-87;  Member,  Committee  for 

Finance  and  Endowment,  V  AS  1981-1987 
(Vice-Chairman,  1985-87);  Member, 
Trust  Committee,  VAS,  1985-1987. 


TREASURER 
Golde  I.  Holtzman 

Associate  Professor  of  Statistics, 
Virginia  Tech.  A.B. ,  UCLA,  math; 
M.A.,  Arizona,  math;  Ph.D.,  N.C. 
State,  biomathematics.  Research 
interests:  theoretical  &  applied 

aspects  of  statistics,  especially 
biological  applications.  Currently  a 
member  of  the  Technical  Advisory 
Committee  of  the  Virginia  Water 
Resources  Research  Center. 

Serv ice  to  VAS 

Secretary/Treasurer  of  Statistics 
Section,  1985-1987;  Program  Chairman 
for  Statistics  Section,  VAS  Annual 
Meeting. 


ENDANGERED  SPECIES  IN  VIRGINIA 


On  August  28,  1987  the  Virginia  Commission  of  Game  and  Inland 
Fisheries  passed  a  resolution  whereby  the  20  species  of  animals 
listed  below  are  afforded  legal  protection  by  Article  6,  Chapter 
5,  Title  29  of  the  Code  of  Virginia.  These  animals  are  officially 
listed  as  State  Endangered  Species.  They  supplement  the  list  of 
Virginia  animals  on  the  Federal  Endangered  and  Threatened  Species 
List.  The  listing  is  official  on  October  1,  1987. 


Fish: 

Blackbanded  sunfish 
Sharphead  darter 

Carolina  darter 

Blueside  darter 
Tippacanoe  darter 

Enneacanthus  chaetodon 

Etheostoma  acuticeps 

Etheostoma  collis 

Etheostoma  jessiae 

Etheostoma  tippecanoe 

Amph ibians : 

Eastern  tiger  salamander 
Shenandoah  salamander 

Ambystoma  tigrinum 

Plethodon  Shenandoah 

Rept i les : 

Bog  turtle 

Chicken  turtle 

Clemmys  muhlenbergii 

Deirochelys  reticularia 

Birds: 

Wilson' s  plover 

Bewick' s  wren 

Loggerhead  shrike 

Charadrius  wilsonia 

Thryomanes  bewickii 

Lanius  ludovicianus 

Mammals : 

Water  shrew 

F i she  r 

Rafinesque's  big-eared 
bat 

Sorex  palustris 

Martes  pennanti 

Plecotus  rafinesquii 

Mo 1 1 u  s  k  s : 

James  River  spiny  mussel 
Cumberland  combshell 
Oyster  pearly  mussel 
Snuffbox  pearly  mussel 
Little-wing  pearly 
mussel 

Canthyria  collina 

Epioblasma  brevidens 

Epioblasma  capsaeformis 

Epioblasma  triquetra 

Pegias  fabula 

Questions  and  comments  should 

be  directed  to  the  Nongame  Wildlife 

and  Endangered  Species  Program  of  the  Virginia  Commission  of  Game 
and  Inland  Fisheries,  PO  Box  11104,  Richmond,  VA  23230-1104. 

submitted  by  Joseph  C.  Mitchell,  Dept,  of  Biology,  Univ.  of  Richmond, 
Richmond,  VA  23173. 
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Preface  to  the  Symposium 

The  present  volume  constitutes  the  proceedings  of  the  second 
in  a  series  of  symposia  devoted  to  the  fauna  of  Virginia.  During 
the  first,  held  in  Richmond  in  May,  1986,  members  of  the  Biology 
Section  of  the  Virginia  Academy  of  Science  recognized  a  need  to 
update  existing  information  on  species  of  "special  concern"  - 
broadly  defined  as  those  which  may  require  management  or  protec¬ 
tion  measures  to  ensure  their  survival  in  this  state  -  and  three 
members  of  the  faculty  at  Radford  University  assumed  responsibil¬ 
ity  for  the  organization  of  a  symposium  which  would  address  these 
concerns . 

A  general  call  for  papers  produced  favorable  response  from  a 
number  of  investigators,  who  agreed  to  participate  in  a  special 
session  convened  under  the  aegis  of  the  Academy  during  its 
meeting  in  Norfolk  in  1987.  Twenty-one  papers  were  delivered 
during  this  session,  16  of  which  are  represented  in  this  special 
symposium  volume,  covering  a  variety  of  vertebrates  and  inverte¬ 
brates  as  well  as  broader  topics  of  habitat  classification  and 
protection  strategies.  The  degree  of  coverage  ranged  from 
consideration  of  individual  species  to  surveys  of  major  taxa  and 
geographic  regions. 

The  organizers  are  very  indebted  to  the  participants  whose 
contributions  made  the  symposium  a  reality.  Special  thanks  are 
due  Joseph  C.  Mitchell,  Robert  K.  Rose,  and  James  J.  Murray  who 
contributed  substantially  to  the  organization.  To  ensure 
accuracy  and  readability  of  the  manuscripts,  each  paper  was 
reviewed  by  at  least  two  specialists  familiar  with  the  subject 
area,  and  appreciation  is  here  expressed  to  these  colleagues  for 
the  time  and  effort  they  invested  toward  a  quality  product:  C.  S. 
Adkisson,  J.  M.  Bates,  J.  A.  Cranford,  S.  Q.  Croy,  T.  L.  Derting, 
J.  L.  Dooley,  Jr.,  R.  D.  Dueser,  G.  H.  Fenwick,  J.  D.  Fraser, 
E.  V.  Gourley,  J.  S.  Flail,  C.  0.  Handley,  Jr.,  M.  J.  Harvey,  R. 
L.  Hoffman,  J.  R.  Holsinger,  V.  Kopf,  M.  L.  Lipford,  J.  C. 
Mitchell,  R.  K.  Rose,  J.  R.  Spotila,  J.  Stamatov,  and  T.  F. 
Wi ebol dt . 

Finally  we  thank  the  Virginia  Academy  of  Science  and  Radford 
University  for  providing  funds  to  cover  some  of  the  expenses  of 
organizing  and  publishing  the  proceedings. 
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Status  and  Needs  of  Invertebrate  Studies  in  Virginia 

Michael  Kosztarab 

Department  of  Entomology 
Virginia  Polytechnic  Institute  and  State  University 
Blacksburg,  Virginia  24061 


Because  I  am  an  entomologist,  I  am  more  up  to  date  with 
works  on  insects  than  with  studies  of  any  other  invertebrate 
group  in  Virginia.  A  number  of  colleagues  provided  titles  and/or 
publications  on  my  request  for  non-insect  groups;  these  were 
reviewed  and  became  part  of  my  report.  Names  of  contributors  and 
reviewers  are  given  in  the  Acknowledgments. 

Among  the  major  works  that  provide  additional  information  on 
this  subject  is  the  one  edited  by  Perry  C.  Holt  (1  969b)  who 
organized  a  symposium  series  entitled  "The  Distributional  History 
of  the  Biota  of  the  Southern  Appalachians."  The  presentations 
given  at  that  Symposium  were  printed  in  three  volumes.  One  of 
these,  Part  I,  Invertebrates,  contains  valuable  information  on 
nine  major  groups  that  are  also  the  subject  of  my  review  here. 

Another  source  is  found  in  the  introductory  issue  to  "The 
Insects  of  Virginia"  by  Richard  L.  Hoffman  (1969a),  who  sum¬ 
marized  in  an  eloquent  article  the  biotic  regions  of  Virginia. 
His  examples  of  various  life  zone  indicators  include  a  number  of 
invertebrates.  Future  biologists  who  intend  to  work  on  the  fauna 
or  flora  of  this  area  should  read  this  article  first,  both  for 
information  and  inspiration. 

In  the  same  issue  a  review  was  provided  on  major  works 
dealing  with  insects  in  Virginia  through  1969  (Kosztarab  1969), 
therefore  most  of  the  studies  on  insects  before  1  969  will  be 
deleted  from  the  present  report. 

About  300  articles  were  reviewed  and  cited  on  the  INVER¬ 
TEBRATE  CAVE  FAUNA  of  Virginia  and  a  part  of  eastern  Tennessee  by 
Holsinger  and  Culver  (1987).  The  study  includes  zoogeography  and 
ecology,  and  is  based  on  a  20-year  study  of  ca  500  caves  in  the 
area.  Because  of  the  availability  of  this  comprehensive  work,  I 
deleted  most  of  the  articles  on  this  topic  from  the  present 
review  unless  specific  to  Virginia,  as  the  following  are. 
Earlier  reviews  of  the  Virginia  invertebrate  cave  fauna  were 
completed  by  Packard  (1881),  and  Holsinger  (1962,  1963a,  1964, 
1  966,  1  975  and  1  982)  . 

The  publication  on  the  ENDANGERED  AND  THREATENED  PLANTS  AND 
ANIMALS  OF  VIRGINIA,  edited  by  Linzey  (1979),  included  records  on 
a  number  of  invertebrates.  Because  this  work  is  the  only  avail¬ 
able  major  compilation,  it  should  be  consulted  for  additional 
records  on  freshwater  and  terrestrial  mollusks  (Dennis,  1979); 
freshwater  and  terrestrial  arthropods  (Holsinger,  1979a,  1979b, 
1979c;  Opler,  1979;  Opler  and  Ferguson,  1979);  other  freshwater 
invertebrates,  and  for  marine  invertebrates  (Wass,  1979). 

Another  recent  source  of  biological  information  is  available 
from  the  Biota  of  Virginia  (B0VA)  computerized  data  bank  at  the 
Virginia  Commission  of  Game  and  Inland  Fisheries  (Raspberry, 
1987,  personal  communication).  It  includes  information  on  239 
invertebrates  and  is  available  through  the  Commission  in 
Richmond,  Virginia. 

There  are  over  10,000  species  distribution  records  in  the 
card  files  of  the  Virginia  Tech  Department  of  Entomology  on 
economically  important  insects,  probably  covering  ca  1,500 
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species.  Similar  records  after  1983  were  computerized.  In 
addition,  many  records  on  distribution,  ecology,  seasonal  occur¬ 
rence,  host  preferences  and  life  cycle  of  Virginia  insects  can  be 
obtained  from  the  collection  labels  kept  with  the  685,000  speci¬ 
mens  in  the  collections  of  the  above  department  (Coveil  and 
Kosztarab,  1966).  Similarly,  there  are  probably  thousands  of 
such  records  of  invertebrates  kept  in  the  natural  history  collec¬ 
tions  of  other  departments,  universities  and  agencies  in 
Virginia.  Therefore,  it  should  be  a  priority  for  the  Common¬ 
wealth  to  assess  the  availability  of  such  collections  at  all 
government  agencies,  and  at  institutions  of  higher  education  and 
research  in  Virginia.  Thousands  of  Virginia  invertebrate  speci¬ 
mens  with  valuable  research  records  were  donated  in  the  past  to 
the  Smithsonian  Institution  and  other  out-of-state  agencies. 
This  was  primarily  due  to  lack  of  adequate  storage  facilities  and 
curatorial  assistance  within  the  state.  Registering  the  current 
storage  place  for  such  "orphaned"  Virginia  collections  should  be 
a  must  for  the  state  and  the  scientific  community. 

The  following  status  report  more  or  less  follows  the  phylo¬ 
genetic  sequence  of  invertebrates,  with  few  exceptions. 

ZOOPLANKTON  population  dynamics  were  studied  in  Lake 
Drummond  by  Anderson  (1975),  and  in  Smith  Mountain  Lake  by 
Loeffelman  (1976).  Studies  on  the  PROTOZOANS  and  macro-  inverte¬ 
brate  colonization  rates  were  conducted  at  Virginia  Tech  by 
Chri stensen  (1  985)  . 

Population  dynamics  of  ROTIFERA  were  the  subject  of  Master 
of  Science  research  at  Virginia  Tech  by  Edmunds  (1974),  and  by 
Knauer  (1978);  while  Potter  (1978)  studied  their  vitamin  rela¬ 
tionships  in  an  Appalachian  pond. 

Parasitic  nematodes  (NEMATA  or  NEMATODA)  of  agricultural 
importance  have  been  studied  by  Professor  Lawrence  I.  Miller  at 
Virginia  Tech,  who  also  described  two  new  species  from  the  state 
(Miller  &  Gray,  1968,  1972).  His  successor,  Dr.  John  D. 
Eisenback,  and  his  coworkers,  are  utilizing  the  nematode  data 
received  through  2,500  to  4,891  yearly  samples  from  Virginia 
growers  for  a  predictive  nematode  assay  program,  thus  providing 
predictions  of  potential  nematode  problems  for  farmers.  A  new 
species  of  Tyl enchul i dae  was  recently  described  from  soil  in  the 
declining  stands  of  conifers  at  high  elevations  in  the  southern 
Appalachians  (Eisenback  &  Hartman,  1985). 

According  to  Eisenback  (personal  communication),  there  are 
about  1,000  described  species  of  nematodes  in  Virginia,  with 
probably  10  times  as  many  still  undescribed.  Those  in  soil, 
freshwater,  and  especially  in  marine  habitats  have  hardly  been 
touched  yet. 

The  land  snails  (M0LLUSCA)  of  the  southern  Appalachians  were 
reviewed  by  Burch  (1969).  He  reported  on  21  families  with  335 
species  indigenous  to  the  eastern  U.S.,  and  noted  a  relationship 
between  the  land  snail  fauna  of  the  southern  Appalachians  and  the 
Ozarks.  Hubricht  (1985)  reported  that  over  180  species  of  land 
snails  are  found  in  Virginia.  Of  these,  27  species  have  reported 
distributions  from  only  a  single  county  and,  according  to  Batie 
(personal  communication),  5  species  are  endemic  to  Virginia.  One 
species,  the  Virginia  Fringed  Mountain  Snail,  is  currently  listed 
by  the  Federal  Government  as  endangered.  Additional  checklists 
and  distributional  records  on  the  land  snails  of  Virginia  have 
been  reported  by  Burch  (1955),  Grimm  (1959),  Hubricht  (1971)  and 
Beetle  (1973). 

A  number  of  MS  and  PhD  dissertation  research  projects  were 
completed  on  FRESH  WATER  MUSSELS  of  Virginia  under  the  direction 
of  Professor  R.J.  Neves  at  Virginia  Tech.  These  included  life 
histories  of  four  Unionidae  (Zale,  1980),  ecology  and  host  rela¬ 
tionship  studies  (Widlak,  1982),  age  and  growth  characteristics 
(Moyer,  1984),  life  history  of  shiny  pigtoe  pearly  mussel 
(Kitchel,  1985),  reproductive  biology  and  growth  rates  (Jirka, 
1986).  The  71  species  found  in  the  Tennessee  River  System  were 
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treated  separately  by  Dennis  (1985)  in  a  PhD  dissertation  at  the 
Biology  Department  at  Virginia  Tech.  Zale  and  Neves  (1983) 
reported  on  the  decline  of  freshwater  mussels  in  Virginia.  Neves 
et  al  .  (1  980)  and  Neves  (  1  984,  1  985)  up-dated  our  knowledge  on 
the  endangered  mussels  in  Virginia.  He  believes  that  the  65 
species  in  the  state  were  grossly  neglected  in  the  past  and  now 
need  our  protection. 

Other  studies  dealing  specifically  with  the  freshwater 
mussel  fauna  of  Virginia  include  those  by  Ahlstead  (1980,  1981); 
Ahlstead  and  Brown  (1980);  Bates  and  Dennis  (1978);  Dennis 
(1981);  Neves  and  Zale  (1982);  Stansberry  and  Clench  (1974,  1975, 
1978).  Apparently,  Ortmann's  (1913,  1918)  historical  works  still 
provide  important  information  on  the  status  of  our  freshwater 
mussel  fauna. 

One  of  the  better  known  invertebrate  groups  in  the  area  are 
the  Branch i obdel 1 i dae  (ANNELIDA).  While  at  Virginia  Tech,  Pro¬ 
fessor  Perry  C.  Holt  (1954,  1965,  1968,  1969,  1974)  studied 
their  taxonomy,  biology  and  ecology.  His  former  student,  Richard 
L.  Hoffman  (1963),  revised  the  genus  Cambarincola  in  North 
Amer i ca . 

Spiders,  or  ARANEAE  (ARACHNIDA),  are  a  neglected  group  in 
Virginia.  Of  the  ca  30,000  species  worldwide,  there  must  be  at 
least  2,000  in  the  state.  The  revision  of  Dolomedes  by  Carico 
(1973)  included  Virginia  records  for  five  species.  A  faunal  list 
of  spiders  found  on  apple  trees  in  Central  Virginia  was  prepared 
by  McCaffrey  and  Horsburgh  (1980).  The  habitats  of  Salticidae, 
with  31  species  in  18  genera,  from  the  Virginia  peninsula  were 
discussed  by  Stietenroth  and  Horner  (1987).  Other  taxonomic 
revisions  included  Virginia  specimens,  but  these  will  need  to  be 
summarized  by  spider  specialists.  The  mites  (ACARINA)  are  among 
the  poorest  known  groups  in  Virginia.  Life  histories  of  four 
economically  important  species  of  spider  mites  were  studied  by 
L.R.  Cagle  (1943,  1946,  1949,  1956).  Some  cave  inhabiting  mites 
were  treated  by  Holsinger  (1965a,  1965b).  There  are  thousands  of 
mite  species  awaiting  discovery  and  description  in  Virginia.  Our 
knowledge  on  the  13  species  of  ticks  (ACARI:  Ixodidae)  in  the 
state  was  summarized  by  Sonenshine  (1979).  In  addition,  he  and 
his  associates  completed  a  number  of  studies  on  the  ecology,  life 
cycle,  hosts  and  distribution  of  a  number  of  the  ticks  in 
Virginia.  New  species  of  cave  inhabiting  pseudoscorpions 
(Chthoni idae)  were  described  by  Muchmore  (1970). 

A  number  of  studies  deal  with  CRUSTACEA  in  Virginia.  One  of 
these  by  Hart  &  Hart  (1969)  reports  on  evolutionary  trends  in  the 
0STRAC0DA  family  Entocyther i dae ,  and  their  distribution  in  the 
southern  Appalachians. 

The  biogeography  of  40  species  of  freshwater  AMPHIPODA  from 
the  Central  and  Southern  Appalachians  was  summarized  by  Holsinger 
(1969a).  Of  these,  36  species  are  known  only  from  subterranean 
waters.  Many  of  the  collections  were  from  Virginia.  Holsinger 
(1972,  1986)  also  treated  this  group  for  North  America. 
Holsinger  and  Culver  (1970)  reported  on  the  morphology  of 
Gammarus  minus  Say,  while  its  feeding  ecology  was  studied  by 
Haley  (1  987  ),  and  its  life  history  by  Miller  (  1  977  );  both  Haley 
and  Miller  studied  at  Virginia  Tech. 

The  subterranean  amphipod  genera  St yqonectes  and  Apocran - 
go  n vx  ,  and  St ygobromus  ( Crangonyct i dae )  were  systematically 
treated  by  Professor  John  R.  Holsinger  (1967a,  1969b,  1978, 
respectively)  at  Old  Dominion  University.  In  these  studies  he 
described  many  new  species  from  Virginia.  Habits,  genetics  and 
variations  in  Crangon vx  antennatus  Packard  (Crangonyctidae)  were 
studied  by  Holsinger  and  Dickson  (1977),  Dickson  et  al .  (1979) 
and  by  Dickson  and  Holsinger  (1981),  respectively. 

The  general  patterns  of  distribution  for  troglobitic  isopods 
(ISOPODA)  of  the  southern  Appalachians  were  summarized  by  Steeves 
(1969).  He  pointed  out  that  such  future  studies  are  hampered  by 
lack  of  studies  on  the  morphology,  taxonomy  and  ecology  of  the 
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epigean  forms  of  Asel 1  us  and  lack  of  similar  work  on  the  coastal 
and  brackish-water  isopods  in  the  U.S.  Many  of  the  species 
studied  by  him  have  Virginia  distribution  records.  Numerous  new 
ecological  and  distribution  records  were  added  on  this  group  by 
Estes  and  Holsinger  (1976,  1982),  Holsinger  (1967b),  Holsinger 
and  Steeves  (1971),  Holsinger  and  Bowman  (1974),  Collins  and 
Holsinger  (1981),  and  by  Lewis  and  Holsinger  (1985). 

Crayfish  (DECAPODA)  and  their  epizootic  ostracod  and  branch- 
iobdel 1  id  associates  were  studied  at  the  Mountain  Lake  Region  by 
Hobbs  et  al .  (1967);  while  the  distribution  and  phylogeny  of  the 
crayfish  genus  Cambarus  in  the  southern  Appalachians  were 
reviewed  by  Hobbs  (1969).  Williams  (1984)  provided  an  identi¬ 
fication  guide  for  the  Atlantic  Coast  shrimps,  lobsters  and 
crabs,  which  is  a  comprehensive  manual  for  Virginia  marine  deca¬ 
pods  . 

Among  the  myriapods  of  the  area,  the  DIPLOPODA  fauna  is  the 
better  known,  due  to  the  studies  of  Professor  Richard  L.  Hoffman 
at  Radford  University.  He  reviewed  the  origin  and  affinities  of 
the  southern  Appalachian  millipede  fauna  (Hoffman,  1969b).  Two 
new  species  were  described  from  Virginia  by  Ryder  (1881)  and 
Hoffman  (1950). 

To  avoid  duplication  and  to  shorten  this  report,  I  shall 
concentrate  my  assessment  on  INSECTA  to  studies  completed  during 
the  past  20  years.  Most  of  the  works  before  1969  were  already 
reviewed  in  the  introductory  issue  of  "The  Insects  of  Virginia: 
No.  1"  (Kosztarab  1969).  Some  early  studies  that  were  left  out 
from  my  1969  assessment  which  have  come  to  my  attention  since  are 
also  given  here. 

EXTERNAL  ARTHROPOD  PARASITES  of  domestic  and  wild  animals 
were  studied  for  the  past  30  years  by  Professor  E.  Craig  Turner 
at  Virginia  Tech  and  his  students.  The  resulting  publications 
were  listed  under  the  insect  orders.  One  such  paper  dealt  with 
the  37  arthropods  found  on  starlings  in  southwest  Virginia 
(Mitchell  and  Turner,  1969). 

Ferguson  (1974,  1981)  added  many  new  distribution  records 
for  the  Virginia  DIPLURA  fauna.  Cave  crickets  (ORTHOPTERA)  have 
been  studied  by  Hubbell  (1936)  and  also  by  Hubble  &  Norton 
(  1  978)  . 

Studies  on  AQUATIC  INSECTS  were  more  recently  initiated  by 
J.R.  Voshell  and  his  associates  at  Virginia  Tech.  They  prepared 
Virginia  checklists  for  EPHEMEROPTERA  (Kondratieff  and  Voshell, 
1983),  PLECOPTERA  (Kondratieff  &  Voshell,  1979),  TRICHOPTERA 
(Parker  &  Voshell,  1  980),  and  also  revised  the  genus  I  son  vch i a 
(EPHEMEROPTERA)  (Kondratieff  &  Voshell,  1984).  Carle  (1979) 
listed  the  rare  and  endangered  dragonflies  (0D0NATA,  ANISOPTERA) 
of  Virginia  and  prepared  an  extensive  Ph.D.  dissertation  on  them 
(Carle,  1982). 

THYSANOPTERA  is  one  of  the  least  studied  orders  in  Virginia. 
Only  one  species,  important  as  a  predator  in  Virginia  apple 
orchards,  has  been  studied  to  date  (Parrella,  1980). 

The  terrestrial  HEMIPTERA,  or  true  bug  fauna  of  Virginia, 
became  better  known  recently  with  the  excellent  studies  of 
Hoffman  (  1  971,  1  975  )  on  Scutel 1 ero i dea ,  and  Coreoidea,  respec¬ 
tively;  also  from  detailed  studies  by  Bobb  (1974)  on  the  aquatic 
and  semi-aquatic  families. 

H0M0PTERA  received  attention  in  Virginia  because  of  the 
special  interest  by  a  number  of  Virginia  Tech  scientists  in  this 
economically  important  plant  feeding  group.  More  comprehensive 
studies  on  life  history,  morphology  and  systematics  of  Coccoidea 
after  1969  included  Cerococcus  parrott i  (Hunter)  by  Howell  et  al . 
(1971);  the  genus  Cerococcus  by  Lambdin  and  Kosztarab  (1977);  wax 
scales,  Ceropl astes .  by  Pollet  (  1  972  ),  the  Coccidae  (Williams  & 
Kosztarab,  1972);  the  genus  Lecanod i aspi s  by  Howell  and  Kosztarab 
(1972);  scurfy  scales,  Chi onaspi s  (Willoughby  and  Kosztarab, 
1974),  also  Liu  and  Kosztarab,  1987;  Pseudaulacaspis  pentagona 
( Targ i on i -Tozzett  i  )  and  JE_  prun i col  a  (Maskell)  by  Rhoades  et  al  . 
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(  1  985);  Kermes  ki nq i  by  Hamon,  et  al  .  (  1  976  );  Kermesidae  (Baer  & 
Kosztarab,  1985;  Bullington  &  Kosztarab,  1985).  Pfeiffer  (1986) 
started  compiling  information  on  the  Psyllidae  of  Virginia  for  a 
research  bulletin.  Aphids  of  the  state  were  listed  with  host 
records  by  Leonard  and  Bissell  (1970);  and  an  excellent  study  on 
the  life  cycle  of  Pi neus  f 1 occu  s  (Patch)  (Adelgidae)  was  com¬ 
pleted  by  Walton  (1980). 

Beetles,  C0LE0PTERA,  the  largest  order  of  invertebrates,  has 
received  limited  attention  in  the  state.  The  aquatic  beetles  of 
the  Dismal  Swamp  were  listed  by  Matta  (1973),  who  also  treated 
the  aquatic  groups  of  Hydrophi 1 i dae  and  Haliplidae  (Matta,  1974, 
1976),  while  the  Dytiscidae  were  studied  by  Michael  and  Matta 
(1977).  The  evolution  of  the  ground  beetles  (Carabidae)  in  the 
southern  Appalachians  was  discussed  by  Barr  (1969).  Barr  (1981, 
1985)  added  much  new  information  to  our  Carabidae  fauna.  Perry 
(1974a,  1974b,  1975,  1977)  initiated  studies  toward  a  more  com¬ 
prehensive  coverage  of  the  long-horned  beetles  (Cerambycidae)  of 
Virginia.  Kosztarab  and  Kozar  (1  983  )  introduced  Anthr i bus  nebu  - 
1  osus  Forster  ( Ant  hr i b i dae )  for  the  biological  control  of  scale 
insects  in  Virginia. 

The  ecology  and  zoogeography  of  the  MECOPTERA  of  the  south¬ 
ern  Appalachians  was  reviewed  by  Byers  (1969)  with  more  studies 
in  preparation  by  him  and  D.W.  Webb. 

The  only  comprehensive  study  that  was  published  before  1968 
in  book  form  on  a  Virginia  invertebrate  group  is  the  one  by  Clark 
and  Clark  (1951)  on  butterflies,  LEPIDOPTERA,  of  Virginia.  The 
authors,  husband  and  wife,  visited  each  of  the  100  counties  in 
the  state  at  least  twice  during  an  18-year  period.  In  their 
masterpiece  they  compiled  records  on  the  morphology,  taxonomy, 
biology,  host  preferences,  ecology  and  distribution  of  154  spe¬ 
cies  and  subspecies  in  Virginia.  The  keys  to  families,  sub¬ 
families  and  species,  also  the  more  than  300  photographs  on  30 
photoplates,  will  aid  species  determination. 

As  a  supplement  to  Covell's  (1967)  state  checklist,  more 
recent  distributions  and  biological  records  on  Lepidoptera  were 
given  by  Coveil  and  Straley  (1973). 

Professor  David  West  and  his  former  graduate  students  at 
Virginia  Tech,  completed  a  series  of  ten  significant  studies  on 
genetics,  evolution,  speciation,  and  polymorphism  of  some 
Virginia  butterflies  (Hammond,  1978;  Hazel,  1976,  1980;  Hazel  and 
West,  1979,  1982,  1983;  Krebs,  1986;  Levin,  1970,  1973;  West  and 
Hazel  1979). 

The  DIPTERA  fauna,  because  of  the  special  medical  importance 
of  some  groups,  received  special  attention  during  the  past  10 
years  by  Professor  E.  C.  Turner  and  his  students  at  Virginia 
Tech.  Major  works  include  bulletins  on  the  45  species  of  mosqui¬ 
toes  of  Virginia  (Gladney  and  Turner,  1969);  the  35  species  of 
Virginia  biting  midges  in  the  genus  Cul i coi des  ( Cer a t opog on i d ae ) 
(Battle  and  Turner,  1971);  the  14  species  of  blowflies  ( C  a  1  - 
liphoridae)  by  Hall  and  Townsend  (1977). 

The  horse  flies  and  deer  flies  (95  species)  were  treated  by 
Pechuman  (1973)  in  the  series  "The  Insects  of  Virginia."  More 
such  studies  on  other  families  of  flies  that  are  also  important 
as  pests  of  cultivated  plants  should  be  initiated. 

A  number  of  STUDIES  ON  INSECTS  ARE  UNDER  WAY  at  present  to 
be  published  when  completed  through  "The  Insects  of  Virginia" 
series.  These  include:  EPHEMEROPTERA  by  B.C.  Kondratieff; 
0D0NATA:  Zygoptera  by  J.R.  Voshell  and  J.H.  Kennedy;  PLEC0PTERA 
by  B.C.  Kondratieff;  HEMIPTERA:  Lygaeidae  by  R.L.  Hoffman;  H0M0P- 
TERA:  Membracidae  by  Thomas  Wood;  Psylloidea  by  D.G.  Pfeiffer; 
Diaspididae:  Chionaspis  by  T.X.  Liu,  M.  Kosztarab,  S.W. 
Bullington  and  M.H.  Rhoades;  C0LE0PTERA:  Cicindelidae  by  C.B. 
Knisley;  Cerambycidae  by  R.H.  Perry;  Carabidae  by  R.L.  Hoffman; 
MECOPTERA  by  D.W.  Webb  and  G.  Byers;  TRICHOPTERA  by  C.R.  Parker 
and  O.S.  Flint;  DIPTERA:  Syrphidae  by  F.C.  Thompson;  SIPH0NAP- 
TERA:  Pulicidae  by  R.F.  Eckerlin  and  H.F.  Painter;  HYMENOPTERA: 
Symphyta  by  D.  Smith,  Vespidae  by  K.J.  Stein,  and  Apoidea  by 
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R.D.  Fell. 

Members  of  the  Phylum  TARDIGRADA  from  Southwest  Virginia 
were  anatomically  described  and  illustrated  by  Riggin  (1962).  He 
reported  from  434  moss  and  lichen  samples  two  classes,  three 
orders,  four  families,  eight  genera  and  26  species.  This  is 
apparently  only  a  small  portion  of  the  total  fauna  of  Virginia. 

In  conclusion,  Virginia,  because  of  its  climate,  diversity 
of  geological  features  and  biotic  regions,  has  one  of  the  richest 
invertebrate  faunas  of  any  state.  I  have  estimated  that  there 
are  over  20,000  species  of  insects  alone  (Kosztarab,  1969),  and 
if  we  include  the  other  invertebrates,  there  must  be  at  least 
30,000  invertebrate  species  in  Virginia.  Probably  two-thirds  of 
the  species  have  already  been  described,  but  the  records,  even  on 
these,  are  sketchy,  and  their  distribution  usually  includes  only 
the  sites  near  major  research  institutions  in  the  state.  This 
was  the  case  with  the  insect  groups  that  were  studied  more  re¬ 
cently  . 

It  is  apparent  from  my  present  survey,  that  the  smaller  the 
size  of  an  invertebrate,  the  less  is  known  about  it.  For  ex¬ 
ample,  only  a  few  species  of  mites  ( Ac  a  r i n  a  1  were  studied  in 
Virginia,  where  several  thousand  are  present.  The  species  stu¬ 
died  were  among  the  larger  ones,  about  1  mm  long,  and  of  impor¬ 
tance  in  agriculture  or  as  cave  inhabitants.  Most  of  the  others 
are  under  1  mm  in  size,  often  ranging  from  0.2  to  0.3  mm,  as  the 
numerous  plant  gall  producing  mites  (Eriophyi idae)  are.  These 
are  little  studied,  although  every  gardener  sees  their  galls  on 
plants  throughout  the  growing  season. 

I  hope  that  the  information  presented  here  will  stimulate 
increased  interest  in  invertebrate  studies  in  Virginia,  especial¬ 
ly  before  major  detrimental  changes  occur  in  the  quality  and 
composition  of  our  biota.  I  am  confident  that  together  we  will 
fill  the  existing  gaps;  we  are  fortunate  to  have  in  Virginia  a 
cadre  of  the  best  life  scientists  in  the  world,  as  well  as  a  new 
breed  of  Government  leaders,  who  understand  the  importance  of  the 
preparation  of  an  inventory  on  our  living  natural  resources,  our 
national  heritage,  to  benefit  our  citizens  and  future  genera¬ 
tions. 

To  better  achieve  our  goal  of  understanding  the  Virginia 
biota,  biologists,  nature  lovers,  farmers,  and  the  public  in 
general  should  promote  with  our  legislators  the  establishment  of 
a  Biological  or  Natural  History  Survey  of  Virginia;  also  of  a 
network  of  Virginia  State  Natural  History  Museums. 
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ABSTRACT 

Recent  sampling  for  freshwater  mussels  in  the  Clinch 
River  at  Kyles  Ford,  TN  and  Speers  Ferry,  VA  has 
revealed  a  drastic  change  in  community  structure  within 
the  past  ten  years.  The  species  Dysnomia  capsaeformi s 
which  was  a  dominant  member  of  both  communities,  sam¬ 
pled  in  1973-1976,  has  all  but  disappeared  from  this 
river  reach.  Reasons  for  this  decline  are  not  known 
since  other  endemic  species  do  not  appear  to  have  been 
negatively  impacted.  Most  species  within  the  genus 
Dysnomia  have  become  extinct  or  endangered  within  the 
past  50  years. 


INTRODUCTION 

The  species  comprising  the  genus  Dysnomia  (  =  Ep i o  bl asmal  have 
long  held  the  attention  of  mal acol ogi sts  as  representing  some  of 
the  most  unique  and  specialized  members  of  the  North  American 
unionid  fauna.  In  a  1978  monographic  treatment  of  this  group, 
Richard  Johnson  referred  to  it  in  his  title  as  "an  Almost  Extinct 
Genus  of  Freshwater  Mussel s ...  from  Middle  North  America."  Today 
this  entire  genus,  with  the  possible  exception  of  a  single 
ubiquitous  species,  D.  tr i quetra  (Raf.,  1820),  is  dangerously 
close  to  total  extirpation.  The  last  remaining  viable 
populations  of  D.  capsaeformi s  (Lea,  1834)  were  known  from  the 
Clinch  and  Powell  Rivers  in  TN  and  VA.  While  rare  throughout 
most  of  its  range,  this  species  was  abundant  in  two  refugia  in 
the  upper  Clinch  River,  Kyles  Ford,  TN,  and  Speers  Ferry,  VA 
(Dennis,  1985).  The  recent  extirpation  of  this  species  from  the 
Clinch  and  Powell  Rivers  is  the  topic  of  this  paper.  When  this 
paper  was  presented  at  the  May,  1987  meeting  of  the  Virginia 
Academy  of  Science,  data  were  only  available  from  two  sites  in 
the  Clinch  River.  Additional  data  collected  during  the  summer  of 
1987  have  been  incorporated  into  this  paper. 

HISTORICAL  BACKGROUND  AND  SYSTEMATIC  CONS  I  DERAT  1 018 

Dvsnomi a  capsaeformis  is  a  small  mussel  species  which,  like 
most  members  of  the  Sub-family  Lampsilinae,  exhibits  sexual 
dimorphism  in  shell  characters.  Figure  1  shows  typical  male  and 
female  specimens.  The  generic  designation  of  this  taxon  is  not 
without  controversy,  and  several  names  are  currently  in  use.  The 
genus  Ep i obi asma  Rafinesque  1831  has  been  used  recently  by 
Stansbery  (1973),  Morrison  (1969)  and  others,  and  the  genus 
PI ag i ol a  Rafinesque  1820  has  been  suggested  by  Johnson  (1978).  I 
prefer,  however  to  retain  use  of  Dysnomia  Agassiz  1852  based  on 
the  decision  of  Ortmann  and  Walker  (  1922  )  that  the  types  of 
Epioblasma  and  PI ag i ol a  are  unrecognizable. 
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Johnson  (1978)  pointed  out  that  Dysnomi a  capsaeformi s  is 
closely  related  to  D.  f 1 orent i n a  and  its  sub-species  and  should 
probably  be  considered  as  one  of  the  D.  f  1  orent i na  complex. 
Within  this  complex,  Dysnomi a  fl  orent i na  f  1  orent i na  is  believed 
to  be  extinct,  leaving  only  D.  f.  wal ker i  (Wilson  and  Clark, 
1914)  extant  in  a  short  reach  of  the  Middle  Fork  Holston  River  in 
Virginia.  An  Ozarkian  analog,  D.  f.  curt  i  s  i  may  also  be 
extirpated  from  its  range.  Dysnomi a  f.  wal ker i  and  D.  f.  curt i s i 
are  now  listed  as  Federally  Endangered  species.  At  the  time  of 
their  listing,  D..  capsaeformi  s  was  widespread  within  the  Clinch 
and  Powell  Rivers  and  therefore  not  considered  for  this  status. 
Recent  collections  by  the  author  indicate  that  D.  capsaeformi s 
may  be  following  in  the  "footsteps"  of  other  members  of  this 
endangered  group. 

Impoundment  of  large  rivers  has  eliminated  habitat  necessary 
to  support  members  of  the  genus  Dysnomi a .  leaving  only  those 
species  found  in  medium  and  small  sized  streams.  Pollution  and 
siltation  have  further  restricted  distribution  of  these  species 
to  isolated  localities. 

Table  I  lists  species  of  Dysnomi a  recorded  historically  from 
the  Tennessee  River  drainage  (Ortmann,  1918)  with  their  present 
status  indicated.  Most  of  the  12  species  reported  by  Ortmann  in 

TABLE  I 

Species  of  the  genus  Dysnomi a  recorded  from 
the  Tennessee  River  Drainage 


Spec i es 

Status 

bi emarq i nata 

Formerly  from  Tennessee  River 

Presumed  Extinct 

bre v i den  s 

Limited  to  Cumber  1  and i an  region 

Rare  where  found 

capsaeformi s 

Previously  widespread  in  headwaters 

Very  rare 

f 1 orent i na 

Presumed  Extinct 

f 1 orenti na  wal keri 

Known  from  one  site, 

Middle  Fork  Holston  R,  VA 

Very  rare,  possibly  extinct, 

havsi ana 

Formerly  from  Clinch  River 

Presumed  Extinct 

personata 

Formerly  from  Tennessee  River 

Presumed  Extinct 

sulcata 

Formerly  from  Cumberland  River 

Probably  Extinct 

torul osa 

Formerly  from  Tennessee  River 

Presumed  Extinct 

torul osa 
qubernacul urn 

Limited  to  the  Clinch  River,  TN  and  VA 
Probably  extinct 

tr i ouetra 

Widespread  but  not  abundant 

t  u  rq i d  u  1  a 

Formerly  from  Duck  River 

Presumed  Extinct 
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the  early  1900's  have  become  extinct  and  the  future  of  those 
remaining  is  uncertain.  Only  Dvsnomi a  tr i quetra  and  D.  brevidens 
appear  at  present  to  be  maintaining  their  distributional  status. 
While  D.  tr i quetra  is  widespread  within  the  Ohio  River  drainage, 
D.  brevidens  is  limited  to  the  Cumberland  plateau.  This  endemic 
species  is  deserving  of  Endangered  status  and  should  be  closely 
monitored  lest  it  disappear  as  has  the  D.  fl orenti na  complex. 

METHODS  AND  MATERIALS 

The  sampling  methods  used  during  this  study  are  described  in 
detail  by  Dennis  (1985).  Only  a  brief  description,  therefore, 
will  be  included  here.  Mussels  were  sampled  by  hand  picking  in 
shallow  areas  during  periods  of  low  stream  flow  (August- 
October).  Quantitative  samples  were  taken  by  hand  picking 
mussels  from  within  a  frame  (quadrat  sampler)  constructed  by  the 
author  for  this  purpose.  The  same  sampling  methods  were  used  for 
both  sampl i ng  periods  except  for  the  size  of  the  quadrat  sampling 
device;  a  1  m2  sampler  was  used  during  the  1973-1975  study  and  a 
1/2  m^  sampler  used  in  1986.  Only  living  mussels  were  recorded. 
Live  specimens  were  returned  to  the  river  following  the  sampling. 

Although  the  sample  size  was  reduced  in  recent  collection, 
the  number  of  quadrats  was  consistent.  In  all  cases,  a  minimum 
of  10  1/2  M^  were  collected.  A  number  large  enough  to 
characterize  the  population  (Kovalak  et  al . ,  1986;  Payne  and 
Miller,  1987). 


RESULTS 

During  1973-1975,  under  the  auspices  of  the  TVA,  the  author 
conducted  intensive  mussel  sampling  (quantitative  and 
qualitative)  at  two  sites  in  the  Clinch  River,  Speers  Ferry, 
Virginia  (Mile  211.2)  and  Kyles  Ford,  Tennessee  (Mile  189.6). 
These  sites  were  singled  out  for  intensive  study  due  to  the  high 
diversity  of  mussels  observed  in  earlier  surveys  (reported  by 
Bates  and  Dennis,  1978).  Data  summarizing  the  1973-1975  studies 
published  by  Dennis  (1985)  listed  a  total  of  29  species  from 
Speers  Ferry,  and  35  from  Kyles  Ford. 

In  1986,  a  return  trip  to  Kyles  Ford  revealed  that  there  had 
been  a  drastic  change  in  mussel  community  structure.  The  most 
striking  difference  in  the  mussel  fauna  was  the  absence  of  D. 
capsaeformi s  from  the  recent  samples.  In  September,  1986,  with 
the  assistance  of  faculty  and  students  from  Radford  University, 
the  author  collected  quadrat  samples  from  Kyles  Ford,  TN.  The 
following  year,  with  support  from  The  Virginia  Heritage  Program 
and  The  Virginia  Nature  Conservancy,  quadrat  samples  were  taken 
at  Speers  Ferry  and  Pendelton  Island,  Clinch  River,  VA. 

A  summary  of  past  and  present  records  of  D.  capsaeformi s 
from  Speers  Ferry  and  Kyles  Ford  is  presented  in  Table  II.  Also 
included  are  records  reported  by  Ahlstedt  (1986).  Location  of 
sites  is  indicated  on  the  map,  Figure  2  and  sites  listed  in  Table 
III. 

Members  of  the  genus  Dvsnomi a  usually  occur  in  low  abundance 
in  mussel  communities.  During  the  period  from  1973-1975, 
however,  Dvsnomi a  capsaeformi s  was  found  in  unusual  abundance  in 
the  Clinch  River.  As  indicated  in  Table  II,  it  was  one  of  the 
dominant  members  of  the  mussel  community  both  at  Kyles  Ford, 
where  it  comprised  nearly  20%  of  the  mussels  sampled,  and  at 
Speers  Ferry  where  it  was  the  dominant  species  comprising  more 
than  a  third  of  the  mussels  sampled.  The  percent  composition  of 
this  species  remained  relatively  stable  from  1973-75. 

Recent  collections  indicate  that  this  species  has  almost 
completely  disappeared  from  the  Clinch  River.  Only  one  live 
specimen  was  found  at  Kyles  Ford  during  the  quadrat  sampling.  At 
Speers  Ferry,  no  living  specimens  were  found,  but  several  freshly 
dead  shells  were  taken  from  muskrat  middens.  Data  presented  in 
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TABLE  II 

Occurrence  of  Dysnomi a  capsaeformi s 
Cl  inch  River,  Kyles  Ford,  TN  and  Speers  Ferry,  VA 


Kyles  Ford 

Speers 

Ferry 

Year 

Total 

Mussels 

No.  % 

capsaeformis 

Total 

Mussels 

No.  % 

capsaeformi s 

1873 

123 

23 

18.7 

81 

28 

4.6 

1974 

373 

57 

15.3 

76 

27 

35.5 

1975 

463 

88 

19.0 

98 

34 

34.7 

Mean 

No./ 

M2  : 

29.7 

7  .  7 

Mean 

%  D. 

capsaeformis: 

17.7 

34.9 

1978- 

83 

317 

4 

0.01 

37 

2 

0.05 

Mean 

No./ 

M2  : 

30.9 

3 . 7 

Mean 

%  D. 

capsaeformis: 

<1.0 

<1.0 

1986- 

87 

210 

1 

0.4 

19 

0 

0 

Mean 

No./ 

M2  : 

38.0 

3.8 

Mean 

%  D. 

capsaeformi s : 

<1.0 

0.0 

■  _ i - 1 - 1 - 1 

5  cm 


Figure  1. 

Dysnomia  capsaeformis  from  Clinch  River,  Kyles  Ford,  TN  left,  male;  right, 
female 
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TABLE  III 

Figure  2  site  locations 


Map  Site 
1 . 

2. 

3. 

4. 

5. 

6. 

7. 

8. 


No.  Site  Description 

Kyles  Ford,  TN,  Clinch  River  Mile  189.6 
Speers  Ferry,  VA,  Clinch  River  Mile  211.2 
Pendelton  Island,  VA,  Clinch  River  Mile  226.6 
Buchannon  Ford,  TN,  Powell  River  Mile  99.2 
McDowell  Ford,  TN,  Powell  River  Mile  106.6 
Fletcher  Ford,  VA,  Powell  River  Mile  117.3 
Hwy.  833  Bridge,  VA,  Powell  River  Mile  120.4 
Flannery  Bridge,  VA,  Powell  River  Mile  130.5 


These  sites  were  sampled  again  during  the  period 
1978-83  by  Ahlstedt  (1986),  whose  data  indicate  a 
substantial  decline  in  the  percentage  composition  of  D. 
capsaeformi s  (see  Table  II). 


Table  II  reveal  that  there  was  a  substantial  difference  in  mussel 
densities  between  the  two  sites.  Equal  sampling  effort  yielded 
an  average  density  of  29.7  mussels  per  square  meter  at  Kyles  Ford 
and  7.7  at  Speers  Ferry.  The  average  density  of  mussels  at  Kyles 
Ford  has  not  changed  substantially  since  1973,  while  the  density 
of  mussels  at  Speers  Ferry  has  been  reduced  by  half. 

As  part  of  a  monitoring  program  for  the  Virginia  Nature 
Conservancy,  quantitative  collections  were  also  made  at  Pendelton 
Island,  a  site  located  approximately  15  miles  above  Speers  Ferry. 
While  a  diverse  mussel  fauna  was  observed  here,  no  live  specimens 
of  D.  capsaeformi s  were  found.  Although  the  author  does  not  have 
early  collections  from  this  site  for  comparison,  records  reported 
by  Ahlstedt  (1986)  indicate  that  D.  capsaeformi s  was  present  in 
low  numbers  at  Pendelton  Island  when  sampled  in  1983.  Ahlstedt 


TABLE  IV 

Records  of  Dvsnomia  capsaeformis 
Powell  River,  TN  and  VA 


Site 

Ri ver  Mile 

Denni s 
1973 

Ahl stedt 
1979 

Dennis 

1987 

4 

Buchannon  Ford 

99.2 

R 

N 

* 

5 

McDowell  Ford 

106.6 

R 

R 

N 

6 

Fletcher  Ford 

117.3 

R 

R 

N 

7 

Hwy  833  Bridge 

120.4 

R 

N 

N 

8 

Flannery  Bridge 

130.5 

R 

N 

N 

R  =  rare 

N  =  not 

found 

*  =  not 

sampl ed 
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(19861  reported  33  species,  with  mussel  densities  of  24.6  mussels 
per  M 2  when  sampled  in  1983.  Recent  quantitative  sampling  (  1987  ) 
yielded  19.4  mussels  per  MS  making  this  the  richest  site  in 
Virginia  in  terms  of  mussel  density  and  diversity. 

Concurrent  with  the  Clinch  River  surveys,  the  author  also 
surveyed  the  mussel  fauna  of  the  Powell  River.  Historic  records 
of  this  fauna  are  reported  by  Dennis  (1981).  For  comparative 
purposes,  Table  IV  includes  data  as  to  distribution  of  D. 
capsaeformi  s  from  1973  to  the  present  at  selected  sites  in  the 
Powell  River.  Since  quantitative  samples  were  not  collected 
consistently,  only  qualitative  designation  is  given.  While  D. 
capsaeformi s  was  always  reported  as  rare  in  the  Powell  River,  it 
was  reported  from  numerous  sites  during  the  period  from  1  973  - 
1975.  From  his  1979  collections,  Ahlstedt  (1986)  reported 
specimens  only  from  sites  5  (RM  106.6)  and  6  (RM  117.3),  with 
several  records  of  rare  occurrence  between  these  sites.  In  recent 
collections,  D.  capsaeformis  was  not  found  at  any  of  the  sites 
sampled. 


DISCUSSION 

Comparative  sampling  of  mussel  populations  in  the  Clinch  and 
Powell  Rivers  in  TN  and  VA  over  the  past  ten  years  indicates  that 
major  changes  in  the  fauna  are  occurring.  The  most  striking  of 
these  changes  in  the  disappearance  of  Dy snomi a  capsaeformi s  from 
these  rivers.  While  other  more  subtle  changes  in  community 
structure  have  also  been  observed,  they  will  be  treated  in  a  more 
comprehensive  paper. 

The  disappearance  of  D.  capsaeformi s  over  such  a  short  time 
period  is  disturbing,  particularly  in  light  of  its  past  abundance 
at  Kyles  Ford  and  Speers  Ferry  in  the  Clinch  River.  Members  of 
the  genus  Dy snomi a  have  been  gradually  disappearing  from  the 
fauna  of  North  America  over  the  past  50  years  leaving  only  a  few 
isolated  populations.  It  is  generally  held  that  these  species 
are  less  tolerant  to  environmental  changes  and  therefore  the 
first  to  disappear  when  habitat  is  altered  or  polluted. 

It  appears  from  available  data,  that  the  numbers  of  D. 
capsaeformis  now  remaining  in  the  headwaters  of  the  Tennessee 
River  are  indicative  of  a  relic  population.  The  numbers  may  be 
too  low  to  sustain  reproduction.  If  this  is  the  case,  there  may 
not  be  time  to  save  this  species  from  extirpation  even  if  it  is 
afforded  much  needed  Federal  Endangered  status. 

Although  reasons  for  the  rapid  disappearance  of  D_. 
capsaeformi s  are  not  clear,  the  decline  in  members  of  this  genus 
nationwide  suggests  that  their  disappearance  may  be  due  to  a 
gradual  decline  in  water  quality  throughout  their  range.  If  this 
situation  is  not  identified  and  degradation  halted,  other  endemic 
species  are  likely  to  be  effected.  Available  data  indicate  that 
three  other  species,  Dysnomi a  brev i den  s ,  Med i on i dus  conrad i cus . 
and  Fusconai a  edgar i ana  may  also  be  declining  in  numbers  in  the 
Clinch  and  Powell  Rivers.  Of  these,  only  E.  edgar i ana  is 
presently  listed  as  Federally  Endangered. 

The  future  of  all  of  the  endemic  species  of  the  upper 
Tennessee  River  depends  upon  protection  of  their  habitat. 
Drastic  reductions  in  habitat  over  the  past  ten  years  is  placing 
all  Cumberl and i an  mussel  species  in  danger.  At  present,  only  two 
refugia  for  such  species  remain  in  the  upper  Tennessee  River 
system,  both  in  the  Clinch  River.  Kyles  Ford,  TN,  still  supports 
the  greatest  diversity  and  abundance  of  freshwater  mussels  in  the 
upper  Tennessee  System.  In  Virginia,  the  richest  area  is  found 
at  Pendelton  Island,  a  region  which  is  fortunately  in  the  hands 
of  the  Nature  Conservancy.  The  fate  of  the  Speers  Ferry  fauna  is 
presently  unknown. 
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ABSTRACT 

The  burrowing  helicodiscid  land  snail  Pol ygyr i scus 
vi rgi ni anus  (Burch,  1947)  was  first  collected  in  1937 
along  the  banks  of  the  New  River  in  Pulaski  County, 
Virginia.  Of  the  146  known  specimens  collected  since 
1937  ,  only  27  have  been  living.  Prior  to  becoming 
protected  as  a  Federally  Endangered  Species  in  1978,  23 
of  the  living  snails  were  preserved.  Although  4  living 
adults  have  been  sighted  in  the  field  since  1981,  no 
living  juveniles  have  been  observed  since  1971.  Living 
snails  have  been  documented  from  only  2  sites  along  a 
70  m  stretch  of  the  New  River  bluffs.  Live  snails  have 
been  collected  from  a  depth  of  10  cm  (4  in)  to  45  cm  (1 
1/2  ft)  in  loose,  damp,  dolomitic  limestone  talus  mixed 
with  rootlets  and  clay. 


HISTORY 

The  Virginia  Fringed  Mountain  Snail  was  first  collected  in 
1937  by  Paul  R.  Burch.  He  labeled  it  as  a  "distorted 
Hel i cod i scus  parallelus"  and  sent  it  to  the  U.S.  National  Museum 
(USNM  cat.  no.  472977).  Ten  years  later  in  1947,  he  collected  a 
series  of  12  additional  shells.  Recognizing  these  as  a  new 
species,  he  called  them  Pol yg vr a  vi rgi ni ana  and,  based  solely  on 
shell  characteristics,  placed  them  in  the  family  Polygyridae. 
Since  taxonomic  affinities  within  the  snails  are  determined  by 
soft  body  parts  and  internal  anatomy,  its  true  status  could  not 
be  established.  In  1948,  however,  Burch  and  his  son,  John  B. 
Burch,  collected  2  living  adult  snails.  They  were  preserved  and 
sent  to  H.B.  Baker  of  the  Academy  of  Natural  Sciences  of 
Philadelphia  for  dissection.  Unfortunately,  the  specimens  dried 
out  before  they  could  be  dissected.  Pilsbry  (1948)  also 
indicated  that  these  snails  were  in  all  likelihood  not  in  the 
family  Polygyridae.  He  established  the  new  subgenus  Pol ygyr i scus 
for  the  snail  and  placed  it  as  a  monotypic  species  within  that 
subgenus.  Solem  (1957)  elevated  the  subgenus  to  generic  status 
and  John  B.  Burch  (1962)  emended  the  spelling  of  the  trivial  name 
to  agree  in  gender  with  the  generic  name,  hence  the  spelling  of 
the  binomen  Pol  ygyri scus  virginianus.  In  197  1  ,  23  years  after 
the  first  living  snails  were  collected,  Leslie  Hubricht  collected 
21  additional  living  snails.  Three  of  these  were  sent  to  Dr. 
Solem  at  the  Field  Museum  in  Chicago  and,  based  on  the 
examination  of  internal  body  parts  and  radular  teeth,  he  placed 
them  in  the  family  Hel i cod i sci dae  (Solem,  1975). 

In  the  late  1960's  and  the  early  1970's,  there  was  growing 
concern  that  many  species  of  organisms  faced  extinction  due  to 
the  direct  intervention  of  man.  As  a  result  of  these  concerns, 
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the  Federal  Endangered  Species  Act  was  passed  in  1973. 

By  1  973  ,  only  39  specimens  of  Pol  vovri  scus  had  ever  been 
collected.  All  living  snails  (23)  had  been  collected  from  a 
single  talus  rockpile  which  measured  about  9  square  meters. 
After  extensive  searching  by  several  people,  it  was  recommended 
to  the  U.S.  Fish  and  Wildlife  Service  that  this  snail  be 
considered  for  Endangered  Status.  With  supporting  statements  by 
Hubricht,  Grimm  and  Solem,  it  was  granted  Endangered  Status  in 
1978  and  received  full  protection  against  collection  and  habitat 
disruption. 


BIOLOGY  OF  THE  VIRGINIA  FRINGED  MOUNTAIN  SNAIL 

Although  it  was  first  collected  50  years  ago,  the  life 
history  and  ecological  requirements  of  this  snail  are  still 
poorly  known.  Solem  (  1976)  has  regarded  this  as  one  of  the 
rarest  snails  in  North  America.  As  of  December,  1986,  only  146 
known  specimens  had  been  collected.  Of  those,  27  were  living. 
Twenty-three  of  the  27  living  ones  were  preserved  prior  to  its 
receiving  protected  status.  Since  1978,  only  4  living  adults 

have  been  sighted  in  the  field:  3  in  1981,  1  in  1986.  Living 

juveniles  have  not  been  seen  since  1971.  As  far  as  can  be 
determined  from  the  literature,  only  8  people  have  ever 
collected  shells  and  only  5  have  collected  living  snails.  In  50 

years,  it  has  been  sighted  alive  in  the  field  only  4  times.  Why 

is  this  animal  so  difficult  to  observe?  There  are  several 
reasons:  1)  it  has  low  population  numbers  coupled  with  a  highly 
restricted  distribution,  2)  it  is  a  burrowing  snail  found  up  to 
60  cm  (2  ft)  below  the  surface  and  3)  it  is  small,  only  about  4 
mm  across. 

As  of  1986,  this  snail  has  been  found  only  from  3  sites 
along  a  10  km  region  of  the  New  River  bluffs  in  Pulaski  County, 
Virginia.  The  type  locality  and  the  adjacent  1.1  km  of  bluffs 
have  yielded  the  most  snails  (141)  including  all  of  the  living 

snails.  One  shell  was  found  about  5.5  km  upstream  from  that 
location  and  an  additional  4  shells  have  been  found  from  about  2 
-  3  km  downstream  from  the  type  locality.  No  shells  have  been 
reported  from  between  these  three  sites.  Of  the  27  reported 
living  snails,  26  were  found  at  the  type  locality  (a  9  square 
meter  talus  rockpile)  and  the  27th  was  found  70  m  upstream.  The 
entire  known  range  for  this  species  is  less  than  10  km  long  and 
restricted  to  a  strip  about  100  m  wide  which  rises  up  the  face  of 
the  bl uf f s . 

Pol ygyri scus  vi rgi ni anus  has  been  described  as  a  burrowing 
calciphile  (Hubricht,  1981).  It  is  found  associated  only  with 
weathered  Elbrook  formation  (Cambrian)  dolomitic  limestone.  Live 
snails  have  been  reported  no  shallower  than  10  cm  (4  inches)  and 
as  deep  as  45  cm  (1  1/2  ft).  Shells  have  been  sifted  from  the 
top  1  cm  (1/2  in)  of  soil  and  from  depths  down  to  60  cm  (2  ft). 
It  is  associated  with  permanently  damp  rock  fragments  and  angular 
limestone  pieces  about  1  -10  cm  across.  The  soil  is  generally 
poor  and  lacks  much  organic  material.  There  may  be  small 

rootlets  present  but  the  soil  is  generally  of  a  loose,  clayey 

nature.  The  habitat  surface  is  usually  free  of  topsoil  and 

lacks  a  humus  layer  or  a  leaf  cover.  Generally,  the  most 
promising  surface  features  for  locating  these  snails  are:  1) 
loose  talus  at  the  base  of  high  bluffs,  2)  talus  heavily  shaded 
by  overhanging  tree  canopy,  3)  talus  surface  partially  or 

completely  covered  by  honeysuckle  vines,  and  4)  talus  rocks 
which  are  permanently  moist. 

Collecting  this  species  without  major  habitat  disruption  is 
nearly  impossible.  Earlier  techniques  have  included  "surface 
mining"  of  large  areas  down  to  about  the  60  cm  level.  All  rocks 
and  soil  from  this  volume  were  sifted  and  washed  through  screens. 
Such  "surface  mining"  leaves  scars  on  the  habitat  which  are  still 
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visible  50  years  after  the  original  collecting.  Such  areas  are 
also  nearly  devoid  of  living  snails. 


MANAGEMENT  CONCERNS 

All  known  living  specimens  (27)  have  been  collected  no 
farther  than  8  m  from  the  edge  of  a  near-by  road.  Any  widening 
of  the  road,  spraying  herbicides  or  pesticides  along  the  edge  of 
the  road,  or  even  a  carelessly  flipped  cigarette  which  might  burn 
off  the  honeysuckle  ground  cover  could  result  in  the  extinction 
of  this  species.  Also  of  great  concern  is  the  potential  for 
habitat  disruption  by  overeager  amateur  collectors  who  could 
destroy  the  entire  known  habitat  of  living  snails  with  a  single 
afternoon's  effort  of  "surface  mining". 

Unfortunately,  nothing  is  known  about  the  biological 
requirements  of  this  species.  The  establishment  of  laboratory 
breeding  colonies  is,  at  this  time,  not  feasible.  Nothing  is 
known  about  the  reproductive  biology  of  this  species.  It  is 
assumed  to  be  similar  to  the  closely  related  species 
Hel i codi scus  paral 1  el  us  which,  although  more  wide-spread, 
produces  only  1  -2  eggs  per  clutch.  So  far,  the  best  management 
strategy  for  this  species  has  been  to  restrict  information  on 
exact  locations  of  living  snail  populations  in  an  effort  to 
ensure  that  major  habitat  disruption  doesn't  occur  while  a 
biological  data  base  is  being  established. 

Because  of  the  few  live  specimens  ever  collected  (this 
author  has  observed  only  1  living  specimen  in  3  years'  of 
collecting),  current  studies  on  the  biological  and  physical 
requirements  of  this  species  are  impractical.  Currently, 
however,  research  is  being  conducted  to  determine  the 
distribution  of  this  snail  in  relation  to  additional  outcrops  of 
the  Elbrook  formation  along  the  New  River.  Apparently,  this 
snail  is  restricted  to  Cambr i an  -  aged  limestone  of  high  magnesium 
content  (dolomitic  limestone).  In  addition,  other  near-by 
Cambrian-aged  limestone  formations  (Copper  Ridge  and  Rome)  are 
being  searched  in  an  effort  to  expand  the  range  of  this  snail 
into  limestone  of  differing  ages  and  composition.  Hopefully, 
distribution  patterns  will  give  some  indication  of  biological 
requirements  for  this  species.  It  is  hoped  that  these,  in  turn, 
will  lead  to  better  management  strategies  which  can  be 
implemented  to  ensure  the  continued  survival  of  this  Endangered 
Speci es  of  1  and  snail  . 


LITERATURE  CONCERNING  THE  VIRGINIA  FRINGED  MOUNTAIN  SNAIL 


Batie,  R.E.  1987.  A  Complete  Catalogue  of  Shells  of  the 

Endangered  Species  of  Land  Snail  Pol ygyri scus  v i rg i n i anu  s 
(Burch,  1947),  the  Virginia  Fringed  Mountain  Snail 
(Pulmonata:  Hel  i codi sci dae)  ,  from  1937  to  1986.  Va.  J.  Sci. 
38(3):  204-213. 

1987.  New  Distributional  Records  for  the  Virginia 
Fringed  Mountain  Snail  Pol  ygyri scus  vi rgi ni anus  (Burch, 
1  947  )  (Pulmonata:  He  1  i  cod i sc i d ae  )  ,  an  Endangered  Species  of 
Snail.  The  Nautilus  101(4):  194-195. 

1986.  Distribution  and  Abundance  of  Pol ygyri scus 
virginianus,  the  Virginia  Fringed  Mountain  Snail.  Contract 
Report  to  the  Virginia  Commission  of  Game  and  Inland 
Fisheries.  Richmond,  Virginia.  27  p. 

Burch,  J.B.  1962.  How  to  Know  the  Eastern  Land  Snails.  Wm.  C. 
Brown  Co.,  Dubuque,  Iowa.  148  p. 

Burch,  P.R.  1947.  Pol ygyra  v i rg i n i ana .  A  New  Species  from 
Virginia.  Nautilus  61(2):  40-41. 


292 


THE  VIRGINIA  JOURNAL  OF  SCIENCE 


Chambers,  S.M.  1981.  Protection  of  Mollusks  Under  the  Endangered 
Species  Act  of  1973.  Bull.  Amer.  Malacol.  Union:  55-59. 
Dundee,  D.S.  1970.  Discussion  of  Dr.  Clench's  Paper.  Malacologia 
1  0  (  1  ):  35-  37  . 

Grimm,  F.W.  1981.  Distribution,  Habitat  Requirements  and 

Recovery  Needs  of  the  Endangered  Land  Snail,  Pol ygyri scus 
v i rg  i  n  i  anu  s  .  Contract  Report  to  the  U.S.  Fish  and  Wildlife 
Service.  Washington,  D.C.  17  p. 

Hubricht,  L.  1972-a.  Two  New  North  American  Pulmonata:  Parav i trea 
seradens  and  Phi  1 omvcu  s  sel 1 atus  .  Nautilus  86(1):  16-17. 

1972-b.  Endangered  Land  Snails  of  the  Eastern 
United  States.  Sterkiana  45:  33. 

1981.  The  Endangered  Land  Snails  of  the  Eastern 
United  States.  Bull.  Amer.  Malacol.  Union:  53-54. 

_.  1985.  The  Distributions  of  the  Native  Land  Mollusks 

of  the  Eastern  United  States.  Fieldiana:  Zoology,  n.s.,  24: 
1-191 . 

Pilsbry,  H.A.  1948.  Land  Mollusca  of  North  America  (North  of 
Mexico).  Acad.  Nat.  Sci.,  Philadelphia,  monogr.  3,  2(2): 

1097-1098. 

Solem,  A.  1957.  Philippine  Snails  of  the  Family  Endodontidae. 
Fieldiana:  Zoology  42(1):  1-12. 

(note:  the  volume  number  of  this  reference  was  originally 
misprinted  on  the  title  page  as  vol  .  41.  An  erratum  sheet 
corrected  it  to  read  vol.  42) 

1975.  Pol ygyri scus  v i rg i n i anus  (Burch,  1947).  A 
Helicodiscid  Land  Snail  (Pulmonata:  Helicodiscidae). 
Nautilus  89  (3)  :  80-86. 

1976.  Endangered  Status  of  Eastern  United  States 
Land  Snails.  Contract  Report  to  the  U.S.  Fish  and 
Wildlife  Service.  Washington,  D.C.  OES  Contract  Number 
14-16-0008-764.  9  p. 

1982.  Personal  Communication  to  Mr.  Howard  N. 

Larsen.  Cited  in:  Virginia  Fringed  Mountain  Snail 

( Pol ygyri scus  v i rg i n i anus )  Recovery  Plan.  Region  5.15  p. 
with  append i x  . 

U.S.  Fish  and  Wildlife  Service.  1983.  Virginia  Fringed  Mountain 
Snail  ( Pol ygyri scus  v i rg i n i anus  )  Recovery  Plan.  Region  5.15 
P- 

U.S.  Government  Document.  1978.  Determination  that  Seven  Eastern 
U.S.  Land  Snails  are  Endangered  or  Threatened  Species. 
Federal  Register  43(128),  July  3:  28932-28935. 


Virginia  Journal  of  Science 
Volume  38,  Number  4 
Winter  1987 


Natural  History  and  Population  Decline  of  the  Coastal  Tiger  Beetle, 
Cicindela  dorsalis  dorsalis  Say  (Coleoptera:  Cicindelidae) 

C.  Barry  Knisley,  Jennifer  I.  Luebke,  and  David  R.  Beatty 

Department  of  Biology 
Randolph-Macon  College 
Ashland,  VA  23005 


ABSTRACT 

The  natural  history  of  C_.  d.  dorsalis  was  studied  at 
several  Chesapeake  Bay  sites  in  Virginia.  Adults  were 
active  from  mid-June  through  August  and  spent  most  of 
their  daily  activity  along  the  water  edge.  Observations 
indicated  most  of  their  food  was  obtained  by  scavenging 
rather  than  predation.  Larvae  occurred  in  the  inter¬ 
tidal  zone  of  the  beach  and  their  activity  was  influ¬ 
enced  by  tidal  cycles.  Development  to  the  adult  appar¬ 
ently  requires  two  years.  We  conclude  that  C.  d.  dors¬ 
alis  is  extinct  from  all  of  its  former  range  north  of 
Maryland.  It  was  found  only  within  the  Chesapeake  Bay 
region.  Seven  large  populations  (>75  individuals)  were 
found  in  Maryland  and  Virginia.  Correlation  analysis 
indicated  that  low  human  and  vehicle  activity,  large 
habitat  size,  back  beach  vegetation,  and  exposed 
beaches  all  favored  the  beetle's  presence.  Habitat 
degradation,  primarily  from  human  and  vehicle  activity, 
is  the  apparent  primary  cause  of  decline.  Larval 
stages  are  probably  more  vulnerable  to  habitat  disrup¬ 
tion  than  are  adults.  C.  d_.  dorsal  i  s  should  be  consid¬ 
ered  for  Federally  Endangered  status  because  of  its 
dramatic  range  decline  and  the  threats  to  some  of  the 
present  populations. 

INTRODUCTION 

Tiger  beetles  have  been  of  great  interest  to  insect 
collectors,  amateur  entomologists  and  col eopteri sts  because  of 
the  diversity  of  species,  subspecies,  and  color  forms.  Over  100 
species  and  approximately  120  subspecies  or  geographic  races  are 
known  from  the  United  States  (Willis,  1967;  Boyd,  1982).  These 
insects  have  also  been  used  as  model  organisms  for  ecological 
studies  of  community  organization  (Pearson  and  Mury,  1979; 
Pearson , 1 986 ) ,  food  limitation  (Knisley  and  Pearson,  1981; 
Pearson  and  Knisley,  1985;  Knisley,  1987)  and  natural  enemies 
(Pearson,  1985;  Knisley,  1987).  The  biology  of  the  family  has 
recently  been  reviewed  (Pearson,  1988). 

Adult  tiger  beetles  are  active,  diurnal,  surface  predators 
which  capture  small  arthropods  with  their  sickle-like  mandibles. 
Larvae  are  sedentary  predators  living  in  permanent,  well-formed 
burrows  in  the  ground  from  which  they  extend  to  capture  small 
prey  passing  nearby.  Development  through  the  three  larval  stages 
and  pupation  take  place  in  the  burrow.  Development  time  ranges 
from  one  to  three  or  more  years,  depending  on  species  and  food 
availability.  Two  year  life  cycles  are  most  common. 

Cicindela  dorsalis  occurs  on  white  sandy  beaches  of  the  east 
and  gulf  coasts  of  the  United  States.  Boyd  and  Rust  (  1  982  ) 
recently  confirmed  the  existence  of  four  subspecies  with  ranges, 
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as  follows:  (A.  cE_  dorsalis  Say  from  Massachusetts  to  central 
New  Jersey  and  within  the  Chesapeake  Bay  region  of  Maryland  and 
Virginia;  U.  d_^  med  i  a  LeConte  from  southern  New  Jersey  to  the 
south  Atlantic  coast  of  Florida;  C_s.  d_^  saul  vci  Guerin  from  the 
Gulf  coast  of  Florida  to  Mississippi;  and  (U.  d^  venusta  LaFerte 
from  Louisiana  south  through  Texas.  Intergrades  of  L  L  saul yci 
and  C_j_  d^  venusta  occur  in  Mississippi  and  Alabama  where  these 
two  subspecies  overlap.  In  central  New  Jersey,  intergrades  of  C_^ 
d .  dorsalis  and  d_^  med  i  a  were  infrequent  and  the  subspecies 
tended  to  maintain  themselves,  even  in  mixed  populations  (Boyd 
and  Rust, 1982).  During  this  study,  we  found  another  area  of 
range  overlap  of  these  two  subspecies,  on  the  southern  Eastern 
Shore  of  Virginia,  where  also  there  was  very  little  evidence  of 
intergradation.  The  occurrence  of  C_.  d.  dorsal  i  s  within  the 
Chesapeake  Bay  well  south  of  the  northern  range  of  C_.  d_.  media 
and  disjunct  from  the  nearest  C_.  d.  dorsal  i  s  in  central  New 
Jersey  has  been  previously  noted  (Boyd,  1975;  Glaser,  1976). 

LeConte  (1857)  described  C_^  d_^  dorsalis  as  "  abundant  on  open 
sandy  seashore"  and  Leng  (1902)  reported  it  "occurring  in  great 
swarms  during  July."  However,  more  recently,  it  was  believed  to 
be  in  danger  of  extinction  in  the  Northeast  (Wilson,  1970; 
Stamatov,  1972).  All  recent  collections  of  this  subspecies  have 
been  from  the  Chesapeake  Bay  region  of  MD  and  VA.  With  the 
financial  support  from  the  U.  S.  Fish  and  Wildlife  Service  we 
expanded  upon  earlier  studies  we  had  conducted  on  this  species. 
We  report  here  on  natural  history,  current  range,  population 
decline,  and  threats.  Results  of  taxonomic  studies  of  C .  d . 
dorsalis  and  C_^  <U_  media  will  be  presented  elsewhere. 

MATERIALS  AND  METHODS 

Natural  history  studies  were  conducted  from  1982  to  1986 
primarily  at  three  Virginia  sites  (Kilmarnock,  Northumberland 
Co.;  Bavon,  Mathews  Co.;  Picketts  Harbor,  Northampton  Co.)  where 
populations  had  previously  been  found.  Adult  activity  and 
abundance  were  determined  two  to  three  times  per  month  in  1984 
and  1986  by  direct  counts  of  beetles  active  along  the  whole 
length  of  beach  at  these  sites.  Daily  activity  budgets  were 
determined  from  10  minute  observations  of  over  70  beetles  for  a 
total  of  over  800  minutes.  Observations  of  feeding,  mating,  and 
natural  enemies  of  adults  and  daily  activity  of  larvae  were 
recorded.  Developmental  times  of  the  larval  stages  were 
estimated  from  their  relative  abundance  throughout  the  year. 
Observations  of  a  population  of  C_.  d_.  media  at  Fishermans  Island 
were  made  for  comparison. 

Current  distribution  was  determined  from  surveys  of  over  40 
beach  sites  in  MD  and  VA  and  from  34  other  sites  in  New  Jersey, 
New  York,  Rhode  Island  and  Massachusetts.  Nearly  all  historic 
sites  were  included  in  this  survey.  We  visited  most  sites  but 
others  had  been  checked  in  recent  years  by  several  collectors  who 
made  available  their  results.  To  determine  habitat  requirements 
and  potential  limiting  factors,  we  measured  a  series  of  habitat 
parameters  at  43  sites  in  MD  and  VA.  These  included  beach  length 
and  width,  back  beach  vegetation,  directional  orientation, 
exposure,  soil  particle  size,  and  human  and  vehicle  activity. 
These  parameters  were  graded  on  a  five-  point  scale  and  the 
values  used  in  a  correlation  analysis  (SPSS  crosstabs,  gamma 
statistic)  with  beetle  numbers. 

RESULTS 

Natural  History.  For  four  years  of  observation,  dates  of 
first  emergence  of  adults  ranged  from  June  5  to  June  13. 
Rainfall  apparently  enhances  emergence  since  beetle  numbers 
usually  increased  after  June  rainfalls.  Numbers  increased 
rapidly  in  June,  peaked  by  mid-July  and  then  began  to  decline 
through  August  (Fig.  1).  By  early  September  very  few  individuals 
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Figure  1. 

Seasonal  abundance  of  four  populations  of  C.  dorsalis. 


could  be  found.  The  seasonal  pattern  for  (L_  <L_  media  on 
Fishermans  Island  was  similar,  but  numbers  declined  earlier  in 
August. 

Adults  generally  appeared  on  the  beach  at  about  800  hours. 
They  were  first  seen  on  the  back  beach  where  they  apparently 
spend  the  night  under  the  sand.  As  temperatures  increased 
beetles  became  more  abundant  near  the  water  edge  where  numbers 
peaked  at  1200-1400  hours.  Adult  tiger  beetles  are  heliotherms 
and  rely  on  various  thermoregulatory  behaviors  to  maintain  a  high 
body  temperature  (Dreisig,  1981).  Foraging  was  the  most  frequent 
activity  (Fig.  2).  Basking  occurred  primarily  during  morning  and 
late  afternoon.  Frequency  of  mating  increased  throughout  the 
afternoon.  Most  foraging  time  was  spent  in  the  intertidal  zone 
where  sand  was  damp  from  waves.  Specific  observations  of  prey 
capture  or  feeding  included  8  live  amphipods,  5  small  flies,  6 
dead  amphipods,  6  dead  crabs,  4  dead  fish,  and  three  dead 
organisms  of  unknown  identity. 

Larvae  occurred  in  an  8-12  m  width  of  beach  within  and  above 
the  intertidal  zone.  Distribution  of  first  and  second  instars 
was  similar.  Highest  densities  of  third  instars,  20-32 
individuals/  10  m  were  in  the  mid-  to  upper  tidal  zone. 
Consequently,  most  larvae  were  under  water  when  the  tide  was  in. 
Larval  burrow  depths  ranged  from  9  to  24  cms  and  increased  with 
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Figure  2. 

Daily  activity  budget  for  adult  C.  dorsalis. 


distance  from  the  water  edge.  This  suggests  that  burrow  depth 
may  be  determined  by  subsurface  moisture. 

Larvae  of  C_.  <L  dorsal  is  have  a  daily  activity  pattern 
distinct  from  that  reported  for  other  species  in  that  it  is 
influenced  by  daily  tidal  cycles.  Like  C_.  marutha  in  Arizona 
(Knisley,  1987),  larvae  are  active  primarily  at  night  and  plug 
their  burrows  during  most  of  the  day  when  surface  sand  is  warm 
and  dry.  Burrows  are  reopened  as  soil  moisture  increases  with 
incoming  tides,  plugged  when  covered  by  tidal  wash,  and  then 
reopened  briefly  as  the  tides  recede. 

On  the  basis  of  regular  surveys  of  abundance  of  larvae,  we 
believe  that  C..  <L  dorsal  i  s  has  a  two  year  life  cycle.  Typically 
eggs  are  laid  during  summer,  first  instars  occur  from  late  August 
through  September,  second  instars  from  September  to  late  fall, 
and  third  instars  appear  from  late  fall  to  early  spring  and 
continue  through  the  second  year,  and  emerge  as  adults  in  early 
June  after  nearly  two  years  of  development  (Fig.  3). 

Asilid  flies  were  found  at  many  sites,  but  10  observed 
attacks  by  these  flies  on  C_.  dorsal  i  s  were  unsuccessful.  A  small 
wingless  parasitoid  wasp,  genus  Methocha .  was  common  at  several 
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Figure  3. 

Relative  abundance  of  developmental  stages  of  C.  d.  dorsalis  over  time. 


sites.  We  observed  several  attacks  of  C_.  dorsalis  and  C.. 
h i rt i col  1 i s  larvae  by  wasps. 

Distribution  and  Abundance.  The  results  of  our  surveys  and 
those  of  others  who  provided  information  indicate  that  C_.  d. 
dorsalis  no  longer  exists  north  of  Maryland.  The  latest  records 
we  know  of  are  from  Block  Island,  RI,  in  1970  and  1971  by  John 
Stamatov  (pers.  comm.)  and  single  specimens  from  the  Holgate 
Peninsula  and  Tuckerton  Meadows,  NJ,  in  1976  by  Boyd  (1978).  A 
graph  of  total  numbers  of  collection  records  (compiled  from 
various  sources)  indicate  a  dramatic  decline  between  1920  and 
1950  (Fig.  4). 

In  the  Chesapeake  Bay  region  we  found  C_.  d_.  dorsalis  at  17 
sites  (Table  1,  Fig.  5).  Since  1983,  beetles  disappeared  from 
two  of  these  sites,  Windmill  Point  and  Hacksneck.  Seven  other 
sites  had  fewer  than  50  individuals  and  should  be  considered 
marginal  and  perhaps  non-breeding  populations.  The  largest 
populations  (>75  individuals)  occurred  at  Picketts  Harbor  and 
Silver  Beach,  Virginia,  and  Western  Shores  and  Flag  Ponds, 
Maryland.  A  small  number  of  the  beetles  at  Picketts  Harbor  and 
Wise  Point  were  comparable  in  size  and  maculation  to  C_.  d.  media. 
This  suggested  only  minimal  gene  flow  or  intergradation  among 
the  two  subspecies  even  though  C..  d_.  med i  a  occurred  abundantly  at 
Fishermans  Island,  only  about  3  kms  from  Wise  Point. 

Results  of  correlation  analysis  indicated  that  habitats  with 
large  size  (long  and  wide  beaches),  low  human  and  vehicle 
activity,  fine  particle  size  of  sand,  and  a  high  degree  of 
exposure  are  favorable  for  the  occurrence  of  C..  d..  dorsalis. 

DISCUSSION 

Natural  History.  Much  of  what  we  observed  about  the  natural 
history  of  C..  d.  dorsal  is  is  similar  to  other  C  i  c  i  ndel  a  species 
which  have  been  studied.  The  pattern  of  a  two  year  life  cycle 
with  summer  active  adults  is  common.  The  potential  natural 
enemies,  asilid  flies  on  adults  and  parasitoid  wasps  on  larvae, 
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Figure  4. 

Collection  records  for  C.  d.  dorsalis  for  ten  year  periods  since  1900. 


have  been  previously  reported  (Burdick  and  Wasbauer,  1959; 
Willis,  1968;  Pearson,  1985;  Knisley,  1987).  Although  scavenging 
has  been  reported  in  tiger  beetles  (Pearson  and  Mury,  1979; 
Schultz,  1983),  it  has  not  been  regarded  as  the  major  source  of 
food  as  seems  apparent  with  C..  dorsal  is.  The  occurrence  of 
larvae  in  the  intertidal  zone  may  influence  the  unusual  daily 
activity  pattern.  Regular  inundation  of  burrows  may  also  cause 
some  mortality  to  larvae  (Knisley,  1987),  but  food  seems  more 
abundant  on  this  portion  of  the  beach  (Knisley,  pers.  observ.) 

Causes  of  Decline  and  Threats.  The  dramatic  decline  of  C_. 
d.  dorsalis  is  apparently  the  result  of  habitat  destruction  and 
disturbance.  Stamatov  (1972)  suggested  oil  slicks,  use  of 
pesticides  for  mosquito  control,  and  especially  increased 
vehicular  traffic  as  causes  of  decline.  He  also  indicated  winter 
beach  erosion,  flood  tides,  hurricanes,  and  other  natural 
phenomena  could  be  involved.  Because  of  a  two  year  life  cycle  C.. 
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Maryland  and  Virginia  sites  which  currently  support  populations  of  C. 
dorsalis.  Site  abbreviations:  AS,  Assateague;  B,  Bavon;  CH,  Chincoteague; 
CO,  Cobb  Island;  CP,  Cove  Point;  F,  Fleeton;  FI,  Fishermans  Island;  FP, 
Flag  Ponds;  FS,  Fort  Story;  G,  Gwynns  Island;  H,  Hacksneck;  HN,  Hull 
Neck;  HI,  Hog  Island;  K,  Kilmarnock;  NBP,  North  Bluff  Point;  NP,  New 
Point  (island);  PB,  Painters  Beach;  PH,  Picketts  Harbor;  SB,  Silver  Beach; 
SBP,  South  Bluff  Point;  W,  Windmill  Point;  WS,  Western  Shores;  WP,  Wise 
Point. 
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Table  1.  Recent  collection  sites  for  C.  dorsal  is  in  MD  and  V A. 


Site 

No. 

Counted 

Site 

No. 

Counted 

C  .  dorsalis  dorsal  i  s 

Flag  Pond ,  MD 

200 

Wi ndmi 11  Point 

10* 

Western  Shores,  MD 

350 

Gwynns  Island 

60 

Cove  Point,  MD 

100 

Ba  von 

125 

Hacksneck 

150* 

New  Point(Island)  75 

Silver  Beach 

450 

Picketts  Harbor 

750 

C  .  dorsal i s  medi a 

Wise  Point 

30 

Hull  Neck 

20 

Assateague,  MD 

200 

FI eeton 

40 

Chincoteague 

100 

N.  Bluff  Point  ** 

40 

Hog  Island 

200 

S.  Bluff  Point  ** 

30 

Cobb  Island 

600 

Painters  Beach  ** 

25 

F i shermans  I s . 

500 

Ki 1 marnock 

100 

Fort  Story 

1 

*  No  specimens  found  after  1983 
**  Local  names  of  sites,  near  Kilmarnock 


dorsal  i  s  larvae  overwinter  twice  and  thus  suffer  increased  risk 
from  such  factors. 

All  of  these  factors  undoubtedly  contribute  to  tiger  beetle 
mortality,  but  we  believe  human  disturbances  to  habitat  are  most 
important.  Adult  foraging,  mating,  and  ovi position  can  be 
disrupted  by  beach  activity.  More  important,  however,  may  be  the 
effects  on  larvae.  Larvae  spend  most  of  their  lives  waiting  at 
the  tops  of  burrows  for  prey,  and  are  disturbed  by  even  the 
slightest  activities  (vibrations,  movement,  shadows).  Larvae  of 
many  tiger  beetle  species  are  significantly  food-limited  and 
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Table  2.  Correlation  of  C..  d_.  dorsal  i  s  numbers  with  various 

habitat  parameters.  (Gamma  statistic  from  SPSS  cross-tabs  test). 


Parameter 

Gamma 

Concl us i on 

Beach  Vegetation 

0.86 

Back  beach  vegetation  favorable 

Beach  size 

0.83 

Long,  wide  beaches  supported 

1 argest  popul ati ons 

Site  exposure 

0.59 

Exposed  or  point  beaches 
favored 

Human  activity 

-0.71 

Moderate  to  heavy  human  or 
vehicle  activty  unfavorable 

Sand  particle  size 

-0.70 

Coarse  sand  less  favorable  than 
fine 

survival  under  natural  conditions  is  very  low.  For  example,  only 
about  five  percent  of  the  first  instar  larvae  of  several  Arizona 
species  reached  adulthood  (Knisley,  1987).  Habitat  disturbances 
could  further  reduce  survivorship.  Since  C..  dorsalis  larvae 
occur  in  the  intertidal  zone  their  burrows  could  be  easily 
compacted  or  dislodged  by  vehicles  or  heavy  human  activity. 

The  impact  of  beach  vehicle  activity  is  indicated  by  our 
recent  survey  of  C..  d.  media  on  Assateague  Island.  Adults  and 
larvae  were  restricted  to  a  3  kms  northern  portion  of  the  beach 
where  human  activity  was  light  and  vehicles  restricted.  No 
beetles  were  found  on  the  remaining  18-22  kms  of  beach  in 
Maryland  where  ORV  activity  is  heavy.  Just  south  of  the  state 
line  in  Virginia  where  vehicles  are  prohibited,  beetles  were 
present.  At  Ch i ncoteague ,  we  found  beetles  primarily  restricted 
to  a  portion  of  the  Toms  Cove  side  of  the  island  where  human  and 
vehicle  activities  are  light. 

Habitat  disturbances  can  eliminate  suitable  habitat,  and 
when  combined  with  natural  mortality  factors,  could  and  reduce 
populations  to  the  point  of  extinction.  As  habitats  become 
eliminated  the  opportunity  for  recolonization  by  beetles  from 
nearby  habitats  becomes  reduced.  Eventually  there  is  extinction 
from  broad  areas  of  former  range.  In  the  Northeast,  the 
combination  of  a  higher  level  of  human  disturbance,  more  severe 
climatic  disruptions,  and  perhaps  a  longer  life  cycle  may  have 
hastened  the  extermination  of  C.  dorsal i s .  The  survival  of 
populations  within  the  Chesapeake  Bay  region  may  be  explained  by 
a  probable  less  severe  influence  of  climatic  factors  and  less 
human  disturbance  because  many  sites  are  privately  owned  or 
otherwise  less  accessible. 

Results  of  this  study  indicate  that  at  least  8  large 
populations  and  7  other  smaller  populations  currently  exist,  all 
within  the  Chesapeake  Bay.  Populations  at  Cove  Point  and  Western 
Shores,  MD,  and  Bavon,  VA,  do  not  appear  threatened  at  present 
because  of  private  ownership  and/or  some  protection.  Some  of  the 
other  sites  like  Kilmarnock  and  those  nearby  are  small  and 
populations  could  suffer  from  changes  in  land  use  or  ownership. 
The  large  population  at  Flag  Pond  will  likely  be  affected  by  the 
recent  development  of  a  state  park  at  that  site.  A  private 
campground  now  at  Silver  Beach  and  proposed  development  near 
Picketts  Harbor  could  affect  habitat  quality  at  these  sites. 
Because  of  the  significant  range  reduction  and  potential  threats 
to  some  of  the  present  populations,  we  have  recommended  that  C_. 
d.  dorsalis  be  considered  a  Federally  Endangered  Species. 
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Abstract 

Inhabiting  Virginia  are  70  recognized  species  of  amphibians 
including  25  anurans  and  45  salamanders.  We  review  all  past  and 
current  efforts  to  determine  the  preservation  needs  of  Virginia's 
amphibians.  Using  this  review  and  considering  the  current  trends  in 
development  and  population  growth,  we  reevaluate  the  status  of  all 
species  considered  in  need  of  protection  by  other  attempts.  We 
conclude  that  two  species  are  Endangered,  three  are  Threatened,  nine 
are  Rare,  and  five  are  Status  Undetermined.  Current  trends  in 
conservation  management  suggest  that  an  individual  species  approach 
alone  is  incompatible  with  long  term  goals  of  preserving  biological 
diversity.  We  suggest  the  use  of  a  landscape  ecology  approach. 
Using  species  status  information,  track  analyses  of  distributions, 
and  trends  in  development  we  suggest  the  following  three  steps  to 
secure  Virginia's  amphibian  diversity:  1.  provide  priority  funding 
and  research  to  remove  threats  from  Endangered  and  Threatened 
species  2.  fund  research  to  determine  the  status  of  species 
classified  as  Status  Undetermined  3-  develop  a  state  network  of 
interconnected  preserves  which  would  provide  habitat  suitable  for 
preservation  of  Virginia's  amphibian  diversity. 


INTRODUCTION 

The  most  recent  attempt  to  determine  the  conservation  needs  of  Virginia's 
amphibian  fauna  resulted  from  a  1978  symposium  at  Virginia  Polytechnic 
Institute  and  State  University  (Linzey,  1979).  This  review  listed  no 
Endangered  amphibian  species  but  stated  that  six  salamanders  were  of  Special 
Concern.  In  addition,  six  salamanders  and  one  frog  were  classified  as  Status 
Undetermined.  In  summarizing  the  review  panel's  comments,  Tobey  emphasized 
the  need  for  scientific  studies  which  would  determine  "limits  of  distribution, 
ecological  requirements,  and  possible  threats  to  continued  survival".  After 
nearly  a  decade,  new  data  pertinent  to  the  conservation  needs  of  amphibians 
have  accrued  making  an  update  desirable. 

The  new  data  include  taxonomic  changes,  systematic  recognition 
(especially  of  cryptic  species),  clarification  of  distributions,  notes  on 
abundance,  and  evaluations  of  past  recognized  and  new  threats.  Many  of  the 
data  resulted  from  the  authors'  ongoing  study  of  the  distribution  and  ecology 
of  Virginia's  herpetofauna  and  will  be  more  thoroughly  analyzed  (Mitchell  and 
Pague,  in  prep).  Tobey  (1979)  listed  61  amphibian  species  occurring  in 
Virginia,  while  currently  there  are  70  recognized  species  known  to  occur 
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Table  1.  Virginia's  amphibian  species  diversity. 


GROUP 

NUMBER 

Tobey  (1979) 

OF  SPECIES 

CAP/JCM  1987 

NUMBER  OF 

Tobey  (1979) 

SUBSPECIES 

CAP/JCM  1 

AMPHIBIANS 

61 

70 

73 

77 

CAUDATA 

36 

45 

47 

51 

sal amanders 

AMUR  A 

25 

25 

26 

26 

frogs  and  toads 

(Table  1).  No  changes  have  been  noted  In  the  frogs  and  toads,  however,  nine 
additional  salamander  species  are  recognized.  All  but  one  of  these  additions 
resulted  from  biochemical  studies  of  the  genus  Plethodon  by  Richard  Highton 
(University  of  Maryland).  Although  Highton  (pers.  comm.)  predicts  no 
additions  to  the  current  Plethodon  fauna,  some  of  his  students  believe  that 
systematic  changes  may  be  necessary  in  the  genera  Eurycea  (Jacobs,  1984)  and 
Gyrinophilus  (A.  Wynne  and  J.  F.  Jacobs,  pers.  comm.).  The  single  addition  to 
Virginia's  amphibian  fauna  by  range  extension  is  that  of  Siren  intermedia 
(Padgett  and  Lane,  1986). 

Conservation  management  has  been  directed  primarily  by  species-specific 
goals.  Necessarily,  an  individual  species'  status  is  determined  followed  by  a 
suggested  management  strategy.  Increasingly  conservation  biologists  are 
realizing  that  to  preserve  biological  diversity,  systems  and  not  individual 
species  should  be  managed  (Soule,  1986).  This  was  stated  most  recently  in  a 
report  of  the  Office  of  Technological  Assessment  (1987)  where  an  urgent  need 
was  determined  to  strengthen  the  natural  committment  to  preserve  biological 
diversity . 

This  paper  is  an  update  on  the  current  constitution  of  Virginia's  rich 
amphibian  fauna  and  the  needs  to  protect  it  in  the  face  of  growing  real  and 
potential  threats.  We  review  past  efforts  to  determine  the  conservation  needs 
of  amphibians  and  comment  on  those  species  currently  under  review  by  two 
Virginia  agencies.  Our  view  of  how  amphibian  diversity  can  best  be  conserved 
is  presented. 


MATERIALS  AND  METHODS 

We  have  amassed  Virginia  distribution  records  from  all  museum  and 
university  collections  made  available  to  us,  verifying  the  identification  of 
all  specimens.  Distributions  referred  to  in  this  study  are  based  on  these 
specimens  and  our  own  fieldwork.  Our  voucher  specimens  will  be  deposited  in 
the  National  Museum  of  Natural  History  and  the  Carnegie  Museum.  From  these 
current  distributions  a  track  analysis  was  conducted  to  determine  patterns  of 
amphibian  diversity. 

Since  the  subspecific  status  of  many  amphibians  is  in  question,  we  have 
elected  to  exclude  most  subspecies  from  this  analysis.  However  we  have 
included  them  in  our  review  table  (Table  2)  because  several  were  considered  in 
past  reviews.  Our  use  of  common  names  follows  that  of  Banks  et  al.  (1987). 

To  date  there  is  no  accepted  and  widely  used  terminology  for  the  status 
categories  of  Virginia's  biota.  Legal  definitions  of  Endangered  and 
Threatened  animals  are  found  in  29-231,  Chapter  11  of  the  Virginia  Code.  We 
have  chosen  to  use  the  following  classification: 
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Table  2.  Comparisons  of  rankings  of  Virginia's  amphibians  by  Russ  (1973), 
Tobey  (1979),  the  Virginia  Natural  Heritage  Program  (as  of  October,  1987),  and 
this  review.  A  ranking  of  SU  is  Status  Undetermined  in  all  systems.  Rankings 
of  Russ  (1973)  are:  E-l  is  Endangered  throughout  its  range,  E-2  is  Endangered 
in  Virginia,  R-l  is  Rare  throughout  its  range,  and  R-2  is  Rare  in  Virginia. 
Rankings  of  the  Virginia  Natural  Heritage  Program  are:  S-l  is  Endangered,  S-2 
is  Threatened,  S-3  is  Rare,  and  SU  is  Status  Undetermined.  Rankings  for  Tobey 
(1979)  are:  SC  is  Special  Concern.  Rankings  for  CAP/JCM  are:  E  is 
Endangered,  T  is  Threatened,  R  is  Rare,  and  S  is  Secure. 


SPECIES 

RUSS 

TOBEY 

NHP 

CAP/JCM 

(1973) 

(1977) 

(1987) 

this  study 

CAUDATA  (Salamanders) 

Ambystoma  mabeei 

-- 

— 

SI 

T 

A.  talpoideum 

-- 

— 

SI 

T 

A.  tigrinum 

— 

SU 

SI 

E 

Aneides  aeneus 

— 

SU 

S2 

S 

Cryptobranchus  alleganiensis 

_ 

SU 

S3? 

S 

Desmognathus  welteri 

R-2 

— 

-- 

S 

D.  wrighti 

R-2 

sc 

SI 

R 

Eurycea  bislineata  wilderae 

R-2 

— 

-- 

— 

E.  lucifuga 

— 

— 

S2? 

S 

Gyrinophilus  porphyriticus 
dani el  si 

R-l 

— 

— 

— 

Leurognathus  marmoratus 

R-l 

sc 

SI 

T 

Necturus  maculosus 

E-2 

SU 

S2? 

SU 

N.  punctatus 

E-2 

SU 

SI? 

SU 

Plethodon  dorsalis 

— 

— 

SI? 

SU 

P.  hubrichti 

R-l 

sc 

SI 

R 

P.  kentucki 

— 

— 

S3 

R 

P.  punctatus 

— 

sc 

S1/S2 

R 

P.  Shenandoah 

R-l 

sc 

SI 

E 

P.  welleri 

R-2 

sc 

SI 

R 

P.  yonahlossee 

— 

— 

S2 

S 

Pseudotriton  ruber  nitidus 

R-2 

— 

— 

-- 

Siren  intermedia 

— 

— 

SI? 

SU 

S.  lacertina 

E-2 

SU 

SI? 

SU 
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Table  2.  (Continued) 


Stereochi  1  us  marginatus 

ANURA  (Frogs  and  Toads) 

S2? 

R 

Bufo  quercicus 

R-2 

— 

S2? 

R 

Hyla  cinerea  evittata 

SU 

— 

-- 

~ 

H.  gratiosa 

R-2 

— 

S2? 

R 

H.  squirella 

R-2 

— 

SU 

S 

Limnaeodus  ocularis 

R-2 

— 

S2 

R 

Pseudacris  triseriata  kalmi 

SU 

-- 

-- 

R 

Rana  virgatipes 

E-2 

SU 

S2? 

R 

ENDANGERED.  A  species  occurring  in  such  small  numDers  as  to  make  its 
survival  suspect.  Also  a  species  that  appears  to  be  in  imminent  danger  of 
extinction,  natural  or  man-caused. 

THREATENED.  A  species  occurring  in  small  numbers  or  in  a  small  number  of 
localities  and  expected  to  become  endangered  especially  as  a  result  of  habitat 
alteration . 

RARE.  A  species  of  uncommon  occurrence  or  of  limited  range  such  that 
major  changes  in  its  habitat  could  have  serious  impacts  on  its  status. 

SECURE.  A  species  considered  to  have  no  forseeable  threats  on  its 
existence  in  Virginia. 

STATUS  UNDETERMINED.  A  species  for  which  there  is  not  enough  information 
to  determine  the  status. 

We  recognize  that  a  status  determination  system  must  be  dynamic.  Changes 
in  status  may  occur  naturally,  by  changes  in  threats,  or  by  more  recent  data. 
In  view  of  this  we  consider  our  classifications  current  but  not  definitive. 

RESULTS  AND  DISCUSSION 


Past  Efforts 

Russ  (1973)  made  the  earliest  attempt  to  identify  the  conservation  needs 
of  Virginia's  amphibians.  He  used  five  classification  categories: 
Endangered-!  (in  danger  of  extinction  throughout  its  range),  Endangered-2  (in 
danger  of  extirpation  in  Virginia),  Rare-1  (low  numbers  in  its  range  and  may 
be  endangered  if  the  environment  deteriorates),  Rare-2  (low  numbers  in 
Virginia  populations),  and  Status  Undetermined  (too  little  or  conflicting 
information).  Russ  (1973)  considered  nineteen  species  of  amphibians,  listing 
four  Endangered,  thirteen  Rare,  and  two  Status  Undetermined  (Table  2). 
Determinations  were  made  directly  from  the  number  of  known  localities  for  each 
species . 

Tobey  (1979)  listed  thirteen  amphibian  species  that  were  in  need  of 
protection  or  further  study.  No  species  were  considered  Endangered  or 
Threatened  (see  definitions  of  categories  in  Appendix  A,  Linzey,  1979). 
However  six  salamanders  were  of  Special  Concern  (approximately  equal  to  our 
Rare  category)  and  six  additional  salamanders  and  one  frog  were  classified  as 
Status  Undetermined  (Table  2).  Though  this  study  has  been  referred  to  in 
environmental  impact  statements  and  other  publications,  the  suggestions  were 
never  endorsed  by  the  Virginia  Department  of  Game  and  Inland  Fisheries,  the 
agency  responsible  for  the  management  of  Virginia's  fauna,  and  thus  had  little 
effect  on  its  protection.  However  it  did  serve  to  direct  some  research 
efforts,  including  our  own. 

Currently  two  state  programs  are  evaluating  amphibian  species  for 
protection  needs.  The  Virginia  Natural  Heritage  Program  (derived  from  The 
Nature  Conservancy's  computer-based  monitoring  system)  maintains  and  is 
currently  updating  its  data  on  amphibian  populations  and  habitat  quality  for 
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determinations  of  conservation  needs.  The  Natural  Heritage  Program  list  is 
based  in  part  on  that  of  Tobey  (1979).  Status  categories  are  based  primarily 
on  occurrences  (localities).  Such  a  system  is  best  suited  for  botanical 
evaluations  since  animals  are  often  mobile,  secretive,  and  difficult  to 
locate.  However,  rarity  or  population  status,  habitat  quality,  and 
protectability  are  evaluated  at  each  locality  allowing  the  necessary 
flexibility  in  determining  true  protection  needs.  Of  24  listed  species  (as  of 
10  February  1987,  M.  Lipford,  Virginia  Natural  Heritage,  pers.  comm.), 
thirteen  are  considered  SI  (^Endangered ) ,  eight  S2  ( =Threatened ) ,  two  S3 
(=Rare),  and  one  SU  (=Status  Undetermined).  The  Virginia  Department  of  Game 
and  Inland  Fisheries'  Mongame  Program  is  currently  evaluating  the  amphibian 
fauna  for  management  needs.  A  species  ranking  system  attempts  to  rank 
amphibian  species  by  considering  the  distribution,  population  biology, 
reproductive  data,  existing  or  potential  threats,  and  taxonomic  security  of 
each  species.  Results  will  be  used  to  guide  management  priorities  of  the 
Nongarae  Program  (J.  Randolph,  pers.  comm.). 

In  the  following  section  we  provide  comments  on  all  species  currently 
under  consideration  by  the  Virginia  Natural  Heritage  Program  (Table  2).  Our 
comments  summarize  our  views  on  each  species  based  on  the  most  recent 
information.  Distribution  maps  for  each  species  are  omitted  and  the  reader  is 
referred  to  Tobey  (1985).  More  updated  distributional  data  are  available  on 
request  from  the  authors. 

Species  Accounts 

Ambystoma  mabeei  Bishop  (Mabee's  salamander).  This  species  is  known  from  five 
localities  in  Southampton  Co.  and  the  cities  of  Suffolk,  Newport  News,  and 
Hampton.  The  population  status  is  unknown  but  development  has  destroyed  one 
site  each  in  Hampton  and  Suffolk.  Population  surveys  are  needed  to  determine 
the  security  of  remaining  sites  and  the  limits  of  distribution,  especially  in 
view  of  the  intensive  development  plans  for  southeast  Virginia.  We  believe  A. 
mabeei  should  be  considered  Threatened  due  to  its  limited  distribution  and 
destruction  of  habitat. 

Ambystoma  talpoideum  (Holbrook)  (Mole  salamander).  This  species  is  known  from 
four  sites  in  Charlotte,  Campbell,  and  Appomattox  counties.  The  distribution 
in  North  Carolina  suggests  a  potentially  broad  distribution  in  Virginia's 
lower  Piedmont,  the  state's  least  surveyed  province.  In  North  Carolina  the 
Mole  salamander  is  considered  a  species  of  Special  Concern  (Braswell,  1977). 
Virginia's  only  known  breeding  site  is  unprotected.  Field  surveys  should  be 
conducted  throughout  the  potential  range  of  this  species,  especially  to  locate 
and  protect  breeding  sites.  We  consider  this  species  Threatened  in  Virginia 
due  to  its  limited  distribution  and  threats  to  the  single  known  breeding  site. 

Ambystoma  tigrinum  (Green)  (Tiger  salamander).  This  species  is  known  from 
only  two  Virginia  localities  in  York  and  Augusta  counties.  The  secretive 
habits  and  mid-winter  breeding  of  this  species  have  made  discovery  and 
investigation  difficult.  Until  further  localities  can  be  located,  we  suggest 
that  immediate  protection  be  given  the  single  known  breeding  site.  Suitable 
habitat  around  the  York  Co.  site  is  being  developed  rapidly  and  probably  can 
no  longer  support  a  breeding  population  of  A.  tigrinum  (C.  Pague,  pers. 
observ.).  While  this  species  is  likely  to  be  more  abundant  than  it  appears, 
its  rarity  makes  it  desirable  to  provide  protection.  Field  surveys  of  all 
potential  sites  are  badly  needed.  We  consider  this  species  Endangered  and  as 
of  1  October  1987  A.  tigrinum  was  officially  listed  as  Endangered  in  Virginia. 

Aneides  aeneus  (Cope  and  Packard)  (Green  salamander).  This  species  is  known 
from  nineteen  sites  in  southwest  Virginia  primarily  in  the  Cumberland  Plateau 
and  those  portions  of  the  Ridge  and  Valley  Province  with  sandstone  outcrops 
south  and  west  of  the  New  River.  Bruce  (  1  977)  considered  this  species  of 
Special  Concern  in  North  Carolina  where  known  populations  are  depleted  or 
extirpated  (A.  L.  Braswell  and  K.  C.  Dodd,  pers.  comm.  In  Linzey  (1979)).  It 
is  classified  as  Endangered  in  Maryland  (Cooper  and  Committee,  1975).  Our 
field  notes  indicate  it  is  fairly  abundant  at  several  sites  in  Lee  Co.  The 
habits  and  habitat  of  this  species  make  collecting  difficult  and  therefore  it 


THE  STATUS  OF  AMPHIBIANS  IN  VIRGINIA 


309 


is  poorly  surveyed.  This  species  is  listed  as  Category  2  of  the  U.  S.  Fish 
and  Wildlife  Service.  In  view  of  population  trends  from  adjacent  states,  we 
suggest  a  thorough  inventory  of  known  and  unsurveyed  likely  sites  in  southwest 
Virginia.  Our  notes  indicate  however,  that  this  species  is  currently  Secure 
in  Virginia. 

Cryptobranchus  alleganiensis  (Daudin)  (Hellbender).  Collection  sites  for  this 
species  indicate  that  it  is  found  throughout  the  upper  Tennessee  and  Mew  River 
drainages  in  Virginia  (in  23  localities).  Impoundments,  pollution,  and 
siltation  probably  have  impacts  on  populations.  The  susceptibility  of  this 
species  to  pollution  was  suggested  by  Nickerson  and  May3  (1973).  This  species 
was  listed  as  Status  Undetermined  by  Tobey  (1979).  The  U.  S.  Fish  and 
Wildlife  Service  lists  this  species  in  Category  2.  Our  field  notes  indicate 
that  this  species  is  abundant  in  sites  in  Montgomery,  Lee,  Scott,  and  Tazewell 
counties  including  areas  with  heavy  agricultural  use  and  in  streams  as  small 
as  six  meters  in  width.  While  we  suggest  status  surveys  over  a  much  wider 
area,  we  feel  that  this  species  is  not  in  current  danger,  therefore  Secure. 

Desmognathus  wrighti  King  (Pigmy  salamander).  This  species  is  restricted 
primarily  to  the  spruce-fir  forests  of  Whitetop  Mountain,  Mount  Rogers  and 
Pine  Mountain  where  Grayson,  Washington,  and  Smyth  counties  abut.  The 
elevational  limits  were  described  by  Organ  (1961).  Tobey  (1979)  considered 
this  species  of  Special  Concern  primarily  due  to  its  very  limited 
distribution.  In  spite  of  heavy  collecting  (especially  on  Whitetop  Mountain) 
it  remains  abundant.  The  entire  Virginia  range  is  within  the  Mount  Rogers 
National  Recreation  Area  and  current  management  goals  (U.  S.  Dept,  of 
Agriculture,  1986)  recognize  the  significance  of  the  area,  therefore,  this 
species  appears  secure.  Results  of  acid  rain  monitoring  studies  will  be  of 
utmost  importance  in  the  management  of  this  species  because  any  agent  that 
would  disrupt  the  integrity  of  the  spruce-fir  forest  probably  would  have 
disastrous  effects  on  this  species  (C.  Pague,  pers.  observ.).  We  believe  this 
species  should  be  classified  as  Rare  in  Virginia. 


Eurycea  lucif uga  Rafinesque  (Cave  salamander).  This  species  is  commonly 
associated  with  caves  and  is  found  in  limestone  areas.  Numerous  records  occur 
in  Virginia  west  of  the  Blue  Ridge,  especially  in  the  karst  regions  of 
southwest  Virginia.  Population  sizes  of  four  caves  in  Giles  County  were 
estimated  to  be  between  36  and  63  individuals  (Hutchison,  1958).  Our 
observations  from  several  caves  in  Lee  and  Scott  counties  agree  with  these 
estimates.  Many  caves  associated  with  agricultural  land  have  been  disturbed 
and  the  intervening  forests  removed.  The  effects  of  forest  removal  at  cave 
entrances  has  not  been  examined,  but  may  locally  endanger  populations  by 
drying  the  twilight  zone  substrate.  While  some  Cave  Salamanders  have  been 
found  at  most  limestone  cave  entrances,  greater  numbers  were  assoicated  with  a 
forest  overstory.  We  currently  consider  this  species  Secure  in  Virginia. 

Leurognathus  marmoratus  Moore  (Shovel-nosed  salamander).  This  species  is  at 
the  northern  limits  of  its  range  in  Virginia.  It  is  known  from  only  a  few 
localities  near  Whitetop  Mountain  and  in  Floyd  County.  However,  thorough 
surveys  of  all  potential  streams  have  not  been  made.  Such  surveys  are 
suggested,  but  pending  such  studies,  this  species  should  be  considered  very 
rare.  Tobey  (1979)  considered  this  species  to  be  of  Special  Concern.  Surveys 
of  the  Laurel  Creek  area  of  Grayson  and  Washington  Counties  have  revealed  low 
population  densities  (Neal  and  Gourley,  1986).  The  apparent  low  population 
size  and  restricted  distribution  warrant  Leurognathus  a  ranking  of  Threatened. 


Necturu3  maculosus  (Rafinesque)  (Mudpuppy).  Only  six  verified  localities  are 
known  for  this  species,  all  in  the  Tennessee  River  drainage.  Collecting 
sites  indicate  it  is  a  widespread  species  in  its  range.  Local  fishermen  in 
Lee  and  Scott  counties  are  familiar  with  this  species  (field  notes  of  CAP, 
1984,  1985),  perhaps  an  indicator  that  it  is  not  uncommon.  We  found 

Mudpuppies  common  in  one  site  in  Tazewell  Co.  Population  surveys  for  this 
species  are  badly  needed.  The  secretive  habits  and  poorly  collected  habitat 
of  this  species  preclude  justifying  a  different  ranking  than  Status 
Undetermined . 
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Necturus  punctatus  (Gibbes)  (Dwarf  waterdog).  Known  from  three  localities  in 
the  Nottoway  River  drainage,  this  is  one  of  Virginia's  least  known  amphibians. 
Braswell  and  Ashton  (1985)  found  this  species  in  many  streams  of  the  Roanoke 
River  drainage  in  North  Carolina.  Surveys  within  potential  habitat  in 
Virginia  are  badly  needed,  but  until  such  data  are  available,  we  are  unable  to 
categorize  this  species  as  other  than  Status  Undetermined. 

Plethodon  dorsalis  Cope  (Zigzag  salamander).  This  species  is  known  from  two 
localities  in  Scott  Co.  and  is  at  the  north  extremity  of  its  range. 
Population  data  are  nonexistent  for  Virginia  and  it  is  recommended  that 
thorough  surveys  be  conducted  in  adjacent  areas  to  determine  the  limits  of 
distribution  and  status  of  populations.  Present  land  use  patterns  of 
southwestern  Virginia  suggest  that  the  habitat  of  this  species  is  fragmented 
(C.  Pague,  pers.  observ.).  The  habitat  is  steep  wooded  slopes,  dominated  by  a 
hardwood  forest.  The  lack  of  information  indicates  a  status  of  Status 
Undetermined . 

Plethodon  hubrlchti  Thurow  (Peaks  of  Otter  salamander).  Thi3  species,  endemic 
to  Virginia,  is  found  only  in  a  small  area  adjacent  the  Blue  Ridge  Parkway  in 
Bedford  and  Botetourt  counties  near  the  Peaks  of  Otter.  It  is  abundant  in 
many  localities  within  its  restricted  range  and  found  almost  exclusively 
within  the  Jefferson  National  Forest  and  Blue  Ridge  Parkway.  Scientific 
collecting  has  apparently  been  moderately  heavy  in  a  few  sites,  yet 
populations  remain  dense  (C.  Pague,  pers.  observ).  The  effects  of  logging  are 
unknown  and  a  significant  portion  of  the  range  may  be  timbered  in  the  future. 
Tobey  (1979)  considered  this  species  of  Special  Concern  due  to  its  limited 
range.  P.  hubrichti  is  listed  in  Category  2  of  the  U.  S.  Fish  and  Wildlife 
Service.  We  consider  it  Rare  primarily  due  to  its  restricted  range. 

Plethodon  kentucki  Mittleman  (Kentucky  salamander).  Highton  and  MacGregor 
(1983)  resurrected  P.  kentuci  from  synonymy  with  P.  glutinosus  on  the  basis  of 
structural  and  electrophoretic  data.  A  significant  portion  of  this  species' 
range  is  in  Virginia  where  it  is  known  from  at  least  nine  localities  in  Lee, 
Wise,  Scott,  Buchanan,  and  Dickenson  Counties.  Populations  appear  to  be  large 
and  dense,  especially  in  Cumberland  Gap  National  Historical  Park,  Cave  Springs 
and  High  Knob  (Jefferson  National  Forest)  and  Breaks  Insterstate  Park  (Pague 
and  Mitchell,  pers.  observ.).  The  available  habitat  is  heavily  fragmented. 
Logging  may  pose  a  threat  in  national  forest  sites  and  should  be  investigated. 
A  major  portion  of  this  species'  habitat  in  Virginia  is  heavily  surface  mined 
for  coal,  the  heart  of  Southwestern  Virginia's  economy.  The  strong  push  for 
coal  as  an  energy  source  makes  it  apparent  that  the  habitat  in  those  portions 
of  P.  kentuckiJs  range  with  potential  coal  reserves  will  suffer  substantial 
habitat  loss.  A  better  understanding  of  the  distributional  limits  within 
Virginia  is  needed.  In  spite  of  local  abundances,  we  consider  this  species 
Rare  in  Virginia  due  to  its  restricted  state  range  and  the  fragmented  habitat. 

Plethodon  Shenandoah  Highton  and  Worthington  (Shenandoah  salamander).  This 
species  is  endemic  to  Virginia  and  restricted  to  three  forested  talus  slopes 
in  Shenandoah  National  Park  (Highton,  1971).  Little  is  known  of  its  biology. 
Jaeger  (1970)  reported  that  competitive  exclusion  by  P.  oinereus  probably 
restricted  the  distribution  of  P.  Shenandoah  to  the  forest  talus  as  a 
refugium.  As  the  talus  slopes  develop  more  soil,  P.  cinereus  may  invade  the 
current  P.  Shenandoah  refugia.  If  Jaeger  is  correct,  the  natural  existence  of 
P.  Shenandoah  may  be  jeopardized  in  the  future.  In  at  least  one  population, 
hybridization  is  reported  to  occur  with  P.  cinereus  (Highton  and  Worthington, 
1967).  Current  levels  of  scientific  collecting  have  had  no  noticable  impact 
(A.  Wynne,  pers.  comm.).  This  species  is  listed  as  Category  2  by  the  U.  S. 
Fish  and  Wildlife  Service.  Due  to  the  very  small  size  of  the  range,  the 
isolated  populations,  and  the  apparent  natural  threat  due  to  succession,  we 
believe  this  species  should  be  classified  as  Endangered.  As  of  1  October  1987 
P.  Shenandoah  was  recognized  as  Endangered  in  Virginia. 

£i®khodon  PH!l£k?Tus  Highton  (Cow  Knob  salamander).  Most  of  this  species' 
range  is  in  Virginia  on  Shenandoah  and  North  Mountains  of  Augusta,  Highland, 
Rockingham,  and  Shenandoah  counties.  Highton  (1971)  reported  the  lower 
elevational  limits  to  2800  ft  but  it  has  recently  been  found  at  2400  ft 
(Pague,  Buhlmann,  and  Mitchell,  unpublished  data).  Most  of  the  range  is 
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within  George  Washington  National  Forest.  Concern  has  been  expressed  about 
the  effects  of  logging  on  this  species  (Tobey,  1979)  and  studies  are  currently 
being  conducted  to  determine  the  possible  logging  impacts.  P.  Pdbc_tatus  is 
listed  as  a  Category  2  species  by  the  U.  S.  Fish  and  Wildlife  Service.  Tobey 
(1979)  considered  this  species  to  be  of  special  concern  due  to  its  limited 
distribution.  Preliminary  survey  results  indicate  that  this  species  is  widely 
distributed  within  its  range  (at  least  25  localities)  and  is  locally  abundant 
(Pague,  Buhlmann,  and  Mitchell,  unpublished  data).  Pending  results  of  our 
study,  we  view  this  species  as  Rare,  primarily  due  to  the  small  range,  paucity 
of  data  on  population  density,  potential  threats  due  to  logging,  and 
insufficient  data  on  distribution  within  the  known  range. 

Plethodon  welleri  Walker  (Weller’s  salamander).  Populations  in  Virginia  are 
assigned  to  the  subspecies  P.  w.  ventromaculatus.  This  species,  like 
Desmognathus  wrighti ,  is  restricted  to  the  higher  elevations  of  Mount  Rogers 
and  Whitetop  and  Pine  Mountains  (C.  Pague,  1984).  The  life  history  and 
distribution  were  studied  by  Organ  (I960)  who  noted  it  is  most  frequently 
encountered  above  5000  ft.  Populations  are  densest  in  the  high  elevation 
spruce-fir  forests.  In  spite  of  heavy  collecting  for  at  least  30  years,  the 
species  remains  abundant.  Tobey  (1979)  designated  P.  welleri  to  be  of  Special 
Concern.  While  populations  appear  to  be  stable,  the  habitat  and  range  in 
Virginia  are  very  restricted.  The  Jefferson  National  Forest  is  aware  of  the 
significance  of  the  Mount  Rogers  spruce-fir  forests  and  gives  them  a  high 
priority  protection.  We  believe  this  species  should  be  classified  Rare. 

Plethodon  yonahlossee  Dunn  (Yonahlossee  salamander).  This  species  is  common 
in  the  Mount  Rogers  area  and  the  Blue  Ridge  Mountains  from  North  Carolina 
north  to  Floyd  Co.  Twenty-four  Virginia  localities  are  currently  known. 
While  this  salamander  seems  secure,  the  effects  of  logging  are  unknown  and 
much  of  the  habitat  consists  of  harvestable  timber.  The  habitat,  especially 
at  the  northern  limits  of  the  range,  is  highly  fragmented.  We  believe  this 
species  to  be  largely  Secure;  however,  efforts  should  be  made  to  identify  and 
protect  peripheral  isolates. 

Siren  lacertina  Linnaeus  (Greater  siren).  This  species  is  found  at  isolated 
localities  in  the  entire  Coastal  Plain  of  Virginia  and  is  probably  widespread 
in  suitable  habitat,  although  no  adequate  survey  has  been  made.  While  there 
may  be  threats  to  this  species  due  to  wetland  alteration  and  pollution, 
without  more  information,  no  justifiable  category  can  be  assigned  other  than 
Status  Undetermined. 

intermedia  LeConte  (Lesser  3iren).  Recently  discovered  in  the  state 
(Padgett  and  Lane,  1986)  this  species  is  now  known  from  two  localities  in 
Southampton  Co.  and  Suffolk.  Observations  indicate  that  S.  inte£n)^ia 
probably  widespread  in  much  of  the  southeastern  Coastal  Plain,  but  collecting 
has  been  inadequate.  We  recommend  a  survey  throughout  the  possible  range  for 
additional  localities  and  population  data  pending  which  we  view  this  species 
as  Status  Undetermined. 

S r e o ch^l^us^  ^abginatus  Hallowell  (Many-lined  salamander).  Although  this 
species  is  known  from  only  nine  verified  localities,  potential  habitat  is 
abundant  and  widespread  in  the  Coastal  Plain  south  of  the  James  River. 
Difficult  to  collect,  it  has  not  been  adequately  surveyed.  Heavy  development 
in  Virginia  Beach,  Chesapeake,  and  Suffolk  may  be  threatening  populations 
there  (except  in  the  Dismal  Swamp).  Repeated  attempts  to  duplicate  the  large 
samples  of  Wood  and  de  Rageot  (1963)  in  the  Great  Dismal  Swamp  have  been 
fruitless.  We  view  this  species  as  Rare.  Efforts  should  be  made  to  locate 
and  where  possible  protect  threatened  populations  in  the  developing  southeast 
portion  of  the  Commonwealth. 

Bufo  9uebcicus  Holbrook  (Oak  toad).  This  species  is  apparently  uncommon 
througout  the  Coastal  Plain  of  Virginia  south  of  the  James  River  where  it  is 
known  from  six  widely  separated  localities.  Repeated  collecting  attempts  have 
yielded  very  few  specimens.  The  results  of  urbanization  in  the  south  Hampton 
Roads  area  may  negatively  impact  this  species  which  we  categorize  as  Rare. 
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Hyla  gratiosa  LeConte  (Barking  treefrog).  This  species  is  known  from  six 
Virginia  localities  west  of  the  Dismal  Swamp  in  the  Coastal  Plain  and  north  to 
Chesterfield  and  Mathews  counties.  This  secretive  species  is  difficult  to 
locate  in  Virginia  which  may  be  due  in  part  to  irregular  breeding  patterns  (A. 
J.  Bullard,  pers.  comm.).  Rapid  urbanization  in  Chesterfield,  Mathews,  and 
Isle  of  Wight  counties  may  threaten  local  populations.  We  view  this  species 
as  Rare. 

Hyla  squirella  Bose  (Squirrel  treefrog).  Known  from  more  than  25  sites  in  the 
Coastal  Plain  south  of  the  James  River,  this  species  is  commonly  encountered 
during  the  summer  breeding  season.  While  local  populations  are  constantly 
being  extirpated,  especially  in  the  Hampton  Roads  metropolitan  area,  the 
species  as  a  whole  is  presently  Secure  in  Virginia. 

Limnaeodus  ocularis  Bose  and  Daudin  (Little  grass  frog).  Currently  known  from 
20  sites  in  the  southeastern  Coastal  Plain,  this  diminutive  species  i3 
apparently  widely  distributed.  It  thrives  in  powerline  openings,  recently 
logged  areas,  and  other  areas  with  emergent  grasses  such  as  flooded  fields  and 
ditches  (C.  Pague,  pers.  observ.).  Urban  sprawl  threatens  many  populations  in 
Chesapeake,  Virginia  Beach,  and  Suffolk.  While  the  Dismal  Swamp  would  appear 
to  provide  a  large  refuge  we  have  been  unable  to  confirm  that  they  are 
abundant  in  the  refuge.  While  many  populations  are  threatened  due  to 
urbanization,  we  consider  this  species  Secure  for  the  immediate  future. 

Rana  virgatipes  Cope  (Carpenter  frog).  This  species  is  widespread,  but  local 
and  quite  secretive.  Large  populations  have  been  located  in  Seashore  State 
Park  (Virginia  Beach),  Chesapeake,  Sussex  Co.,  and  Caroline  Co.  In  the  early 
part  of  this  century,  the  Carpenter  Frog  was  noted  a3  very  common  in  the  Great 
Dismal  Swamp  (Brady,  1927).  We  have  not  been  able  to  verify  these 
observations  in  the  past  three  years  (Pague  and  Mitchell,  unpubl.  data). 
Reasons  for  this  apparent  reduction  are  obscure,  but  may  be  due  to  the  long 
term  effects  of  logging  and  drainage  in  the  swamp.  A  careful  survey  to  locate 
other  possible  populations  of  this  species  are  needed  along  with  regular 
monitoring  of  known  sites.  We  categorize  this  species  as  Rare. 

Summary  of  Species  Accounts.  Table  2  summarizes  our  findings  concerning  the 
status  of  Virginia's  amphibians.  Two  species,  Ambystoma  tigrinum  and 
Plethodon  Shenandoah  are  considered  Endangered  such  that  immediate  protection 
is  warranted  to  assure  their  continued  natural  survival.  Three  species  are 
given  the  ranking  of  Threatened.  Though  not  immediately  in  danger  of 
extinction,  these  species  warrant  management  now  to  assure  their  future 
existence.  We  consider  nine  species  as  Rare  due  to  limited  ranges.  Most  of 
the  salamanders  in  this  category  are  naturally  limited  in  distribution  while 
most  of  the  frogs  are  susceptible  to  habitat  destruction  if  current 
urbanization  trends  continue.  Five  species,  primarily  large  aquatic 
salamanders  are  considered  to  be  too  little  known  to  warrant  categorization 
and  are  placed  in  the  category  Status  Undetermined. 

Management  Strategies 

Current  management  strategies  for  endangered  and  threatened  species  are 
conducted  largely  on  a  single  species  basis.  In  such  a  strategy,  each  species 
is  evaluated  by  criteria  that  attempt  to  determine  which  species  have  been 
reduced  to  numbers  that  threaten  their  immediate  existence  (Endangered)  or 
those  for  which  current  trends,  if  allowed  to  continue,  predict  extinction 
(Threatened).  Because  the  species  is  the  unit  of  extinction,  this  appears  to 
be  a  logical  approach.  The  effectiveness  of  the  Endangered  Species  Act  is 
proven  by  it3  prevention  or  postponing  of  the  extinction  of  several  species 
(U.  S.  Fish  and  Wildlife  Service,  1986).  Difficulties  have  arisen  however  in 
the  determination  of  the  population  levels  which  need  to  be  recognized  as 
threatened . 

Soule  (1986)  and  Gilpin  and  Soule  (1986)  discussed  the  concept  of  a 
minimum  viable  population  (MVP).  They  state: 

"that  current  findings  support  the  existence  of  critical  factors  of 
population  size  and  population  structure,  below  which  inbreeding  and 
loss  of  selectable  variation  become  a  problem  for  the  continued 
survival  of  the  population"  (Gilpin  and  Soule,  1986:19). 


THE  STATUS  OF  AMPHIBIANS  IN  VIRGINIA 


313 


It  becomes  important  to  recognize  that  long  term  species  viability  is  not 
merely  a  population  size,  but  also  the  context  in  which  that  population  exists 
(Noss  and  Harris,  1986).  Agencies  charged  with  the  management  and  protection 
of  the  biota  should  be  planning  to  prevent  the  reduction  of  any  species  to 
levels  which  may  approach  the  MVP  (Office  of  Technological  Assessment  1987). 

The  MVP  for  a  species  is  not  an  easy  value  to  determine  because  it  is  a 
function  of  context  (Gilpin  and  Soule,  1986).  It  is  unlikely  that  protective 
agencies  will  have  the  resources  to  determine  the  necessary  factors  for  the 
long  term  viability  of  each  of  the  currently  recognized  Threatened  or 
Endangered  species.  As  if  the  present  task  is  not  foreboding  enough,  current 
trends  in  land  use  can  only  mean  there  will  be  an  increasing  number  of 
threatened  species.  Therefore,  individual  species  management  may  not  be 
feasible  or  efficient  in  the  long  term. 

The  concept  of  MVP  remains  useful  however  when  the  factors  that  reduce 
species  or  population  viability  are  considered.  Since  these  factors  are  a 
function  of  habitat,  we  believe  that  management  strategies  are  best  approached 
from  the  regional  landscape  view  as  defined  by  Noss  (  1983).  This  approach 
proposes  to  maintain  processes  in  the  environment  thereby  allowing  the  long 
term  existence  of  all  organisms  dependent  on  them.  The  emphasis  is  on 
preserving  habitats  or  ecosystems.  Such  a  plan  has  been  suggested  in  part  for 
Florida  and  Georgia  in  hopes  of  establishing  a  network  of  preserves  that  will 
permit  a  natural  dynamic  system  to  persist,  benefitting  the  preservation  of 
wide-ranging  species  and  pristine  habitats  (Noss  and  Harris,  1986). 

The  following  brief  comments  will  suggest  an  alternative  approach  to 
single  species  management,  using  amphibians  as  an  example,  with  the  aim  of 
preserving  the  amphibian  diversity  of  the  Commonwealth  of  Virginia.  While 
this  paper  discusses  amphibians  we  realize  that  a  regional  landscape  approach 
cannot  use  only  one  Class  of  organisms  in  its  development.  This  paper  is 
written  to  illustrate  some  of  the  elements  necessary  to  consider  when 
approaching  conservation  with  an  eye  to  the  future.  We  do  not  suggest  that 
all  species  can  be  best  preserved  by  this  approach,  but  believe  that  it  will 
prove  more  expedient  for  current  efforts  of  preservation  and  be  a  strong 
preventative  strategy  for  the  future. 


Figure  1. 

Limits  of  the  ranges  of  Virginia’s  frogs.  Each  line  represents  the  approxi¬ 
mate  edge  of  a  range  of  a  species.  Several  lines  converge  on  or  near  the  Fall 
Line,  which  is  approximated  by  Interstate  95  between  Fredericksburg  and 
Emporia. 
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Figure  2. 

The  number  of  frog  species  in  each  county  or  city.  The  highest  diversity  is  in 
the  southeast  Coastal  Plain,  indicated  by  the  heavy  outline. 


An  examination  of  a  map  showing  limits  of  distribution  of  frogs  and  toads 
(Fig  1)  and  salamanders  (Fig  3),  combined  with  maps  showing  species  density 
(by  county  or  city)  (Figs  2  and  A),  illustrate  patterns  of  diversity.  Most 
illustrative  is  that  of  anurans.  The  ranges  of  several  species  of  frogs  and 
toads  extend  to  the  fall  line  (Fig  1).  Though  it  is  not  obvious  from  range 
limit  maps  on  which  side  of  the  fall  line  the  species  occurs,  when  compared 
with  the  map  of  the  species  per  county  (Fig  2),  it  becomes  obvious  that  the 
highest  diversity  is  in  the  southeast  Coastal  Plain.  Somewhat  surprisingly, 
the  highest  county  densities  are  west  of  the  Great  Dismal  Swamp.  Also,  most 
of  the  species  found  in  the  western  half  of  Virginia  are  also  represented  in 
some  of  the  fall  line  or  Coastal  Plain  counties. 

The  pattern  of  distribution  for  salamanders  is  not  so  clear,  nonetheless, 
instructive.  The  limits  to  many  species'  ranges  (Fig  3)  converge  in  the 
southeast  Coastal  Plain,  but  without  a  clear  fall  line  boundary.  Another 
convergence  appears  at  the  interface  of  the  Blue  Ridge  and  Piedmont 
physiographic  provinces.  Convergences  of  range  limits  within  the  mountainous 
regions  of  the  state  are  cryptic.  This  is  not  surprising  as  the  southern 
Appalachians  contain  the  highest  levels  of  salamander  species  diversity  and 
endemicity  (Dunn,  1926;  Highton,  1971).  A  map  of  salamander  species  diversity 
(Fig  4)  illustrates  this  well.  Highest  county  species  diversities  generally 
include  the  southern  Blue  Ridge  and  the  New  River  Valley.  An  additional 
smaller  density  cluster  is  seen  in  the  southeast  Coastal  Plain,  again 
primarily  west  of  the  Dismal  Swamp.  Unlike  the  anuran  fauna,  the  salamander 
fauna  of  eastern  and  western  Virginia  are  primarily  non-overlapping,  i.e. 
composed  of  few  of  the  same  species. 

Combining  the  distributional  and  diversity  information  with  status 
evaluations  for  each  species  and  projected  land  use  patterns  one  can  rapidly 
identify  areas  of  urgency.  For  instance,  10  of  the  25  species  listed  in  this 
review  (Table  2)  occur  in  the  southeast  Coastal  Plain.  This  area  also  has  the 
highest  density  of  frog  species  and  a  moderately  high  density  of  salamander 
species,  i.e.  of  those  present  several  are  restricted  to  the  Coastal  Plain 
(Figs.  1  and  3).  In  addition,  the  largest  rate  of  urban  sprawl  and  habitat 
fragmentation  occurs  in  the  same  area.  Such  an  area  should  be  marked  as  a 
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Figure  3. 

Limits  of  the  ranges  of  Virginia’s  salamanders.  Each  line  represents  the 
approximate  edge  of  a  range  of  a  species.  Note  the  rough  clustering  of  range 
boundaries  in  southwest  Virginia  and  the  southeast  Coastal  Plain. 


Figure  4. 

The  number  of  salamander  species  in  each  county  or  city.  The  highest 
diversity  is  found  in  the  southern  Ridge  and  Valley  Province  and  the 
southernmost  area  of  the  Blue  Ridge  that  includes  the  Mount  Rogers 
highlands. 
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high  priority  area  for  the  development  of  a  network  of  preserves  that  will 
assure  the  survival  of  all  amphibian  species  within  the  area.  The  groundwork 
for  such  a  system  is  currently  in  place  from  Back  Bay  through  the  Northwest 
River  drainage  to  the  Great  Dismal  Swamp  National  Wildlife  Refuge,  through 
various  smaller  swamp  drainages  to  the  Blackwater,  Nottoway,  and  Meherrin 
rivers.  The  challenge  is  to  assure  the  maintenance  of  these  systems  and  the 
corridors  between  them. 

Much  of  the  salamander  diversity  so  obvious  in  the  southern  Blue  Ridge, 
Valley  and  Ridge,  and  Cumberland  Plateau  provinces  may  already  be  preserved  by 
the  network  formed  by  the  Jefferson  National  Forest.  Similarly,  amphibian 
diviersity  of  the  northern  mountains  seems  to  be  preserved  in  the  George 
Washington  National  Forest  and  Shenandoah  National  Park.  The  greatest 
difficulties  are  presented  by  the  fragmentation  of  these  mountain  preserves  by 
the  heavily  disturbed  valleys. 

Several  of  the  aquatic  species  of  interest  (Table  2),  Cryptobranchus 
alleganiensis  and  Necturus  maculosus  are  virtually  unprotected  in  this 
terrestrial  network.  Protection  of  large  segments  of  the  Tennessee  and  New 
River  drainage  is  warranted  for  amphibians  and  would  also  protect  other  groups 
of  concern  (reptiles:  Mitchell  and  Pague,  this  volume;  mussels:  Dennis, 
pers.  comm.;  fish:  Jenkins  et  al.,  1971).  Admittedly,  the  protection  of  the 
riverine  environment  is  one  of  Virginia's  most  formidable  environmental 
challenges . 

The  urgency  and  desirability  of  interconnected  reserves  are  made  even 
more  evident  by  the  recent  evidence  that  habitat  fragmentation  may  greatly 
increase  the  extinction  rate  of  local  populations  (Wilcox,  1980;  Wilcove  el: 
al.,  1986).  This  means  that  because  each  fragment  has  an  independent 
extinction  rate,  we  cannot  determine  species  security  by  using  the  statewide 
population  sums  as  a  unit.  Wilcove  et  al.  (1986)  emphasize  that  the  larger 
the  reserve  the  better.  However,  interconnectedness  of  reserves  may  be  an 
additional  important  element  to  ameliorate  some  of  the  effects  of 
fragmentation  (Harris,  1984;  Noss  and  Harris,  1 986).  Corridors  between 
preserves  create  buffers  against  stochastic  changes  in  populations,  including 
local  extinctions,  and  provide  suitable  pathways  for  "natural"  innoculations 
of  new  genetic  material  (Harris,  1984). 

In  conclusion  we  suggest  the  following  strategy  to  protect  Virginia's 
amphibian  diversity: 

1.  Take  the  necessary  steps  to  remove  the  unnatural  threats  from  all 
species  classified  as  Endangered  or  Threatened.  This  would  include 
acquisition  or  preservation  of  sufficient  land  to  assure  (to  the  best  of  our 
ability)  its  populations  are  above  the  MVP. 

2.  Fund  research  to  determine  potential  threats  to  species  in  the 
categories  of  Status  Undetermined  and  Rare,  e.g.  pollution  threats  to 
Tennessee  River  drainages  and  effects  of  logging  on  many  salamander  species. 

3.  Working  through  federal,  state,  local  governments,  and  private 
organizations,  develop  a  network  of  interconnected  preserves  through  zoning, 
easements,  and  acquisition  that  will  include  adequate  habitat  to  assure 
longterm  survival  of  all  resident  species  of  amphibians.  The  land  holdings 
of  the  National  Park  Service  and  National  Forest  Service  potentially  fill  this 
requirement  in  the  western  half  of  the  state  except  in  riverine  habitats. 
Most  effort  would  be  required  in  the  southeast  Coastal  Plain,  in  Northern 
Virginia,  and  the  Tennessee  River  tributaries. 
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ABSTRACT 

Thirty-one  of  the  62  species  and  subspecies  of  reptiles,  other 
than  sea  turtles,  known  to  occur  in  Virginia  (12  turtles,  4  li¬ 
zards,  15  snakes)  have  been  considered  at  various  times  since 
1973  to  be  of  special  concern  (this  includes  endangered,  threat¬ 
ened,  and  status  undetermined) .  We  review  the  historical  sources 
of  these  designations  and  present  a  synopsis  by  species  of  those 
currently  being  tracked  by  Virginia  authorities.  We  consider  the 
Virginia  populations  of  the  turtles  Clemmys  insculpta,  Clemmys 
muhlenbergii,  and  Deirochelys  reticular ia,  the  lizards  Eumeces 
anthracinus  and  Ophisaurus  ventralis ,  and  the  snakes  Crotalus 
horridus  (southeastern  VA  form,  formerly  atr icaudatus) ,  Cpheodrys 
aestivus  conanti ,  Pituophis  melanoleucus ,  Regina  rigida ,  and 
Virginia  valeriae  pulchra  to  be  in  need  of  our  immediate  evalua¬ 
tion.  The  remaining  21  species  may  not  be  endangered  or  threat¬ 
ened  but  each  should  be  studied  so  that  reasonable  decisions  on 
status  and  management  needs  can  be  made. 


INTRODUCTION 

The  geographical  area  included  within  Virginia's  political  boundaries 
encompasses  the  ranges  of  61  species  of  reptiles.  Several  species  reach 
their  northern  distributional  terminus  in  southeastern  Virginia,  several  in 
southwestern  Virginia,  and  one  its  southern  terminus  in  northern  Virginia. 
Human  activities,  most  importantly  urban  sprawl,  have  impacted  all  reptile 
species  in  Virginia  but  some  have  been  affected  more  seriously  than  others. 
This  paper  is  an  interim  report  on  the  developing  concern  over  the  status  of 
these  animals  in  Virginia.  We  briefly  review  the  earlier  efforts  to  identi¬ 
fy  those  species,  excluding  sea  turtles,  needing  attention  and  comment  on 
those  currently  under  review  by  Virginia  authorities. 

MATERIALS  AND  METHODS 

We  have  searched  all  museum  and  university  collections  available  to  us 
for  records  of  Virginia  reptiles.  We  verified,  and  corrected  where  neces¬ 
sary,  all  identifications  by  personally  examining  these  specimens.  All 
locality  records  included  in  this  report  are  drawn  from  this  data  base,  al¬ 
though  sane  are  based  on  our  own  field  collections.  These  latter  specimens 
will  be  deposited  in  the  National  Museum  of  Natural  History  and  the  Carnegie 
Museum  of  Natural  History. 
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RESULTS  AND  DISCUSSION 

Historical  Development. 

The  first  attempt  to  identify  reptiles  of  special  concern  was  by  Russ 
(1973) .  He  used  five  categories  of  classification,  Endangered  -  1  (in 
danger  of  extinction  throughout  its  range) ,  Endangered  -  2  (in  danger  of 
extirpation  in  Virginia) ,  Rare  -  1  (low  numbers  throughout  its  range,  may  be 
endangered  if  the  environment  deteriorates) ,  Rare  -  2  (low  numbers  in  Vir¬ 
ginia  populations) ,  and  Status  Undetermined  (too  little  or  conflicting 
information) .  Russ  provided  information  on  27  species  of  reptiles,  five 
Endangered,  12  Rare,  and  10  Status  Undetermined  (Table  1) .  He  included 
Lampropeltis  tr iangulum  temporalis  in  category  R-l,  but  this  subspecies  is 
no  longer  recognized.  Most  of  the  information  Russ  used  on  reptiles  was 
supplied  by  the  Virginia  Herpetological  Society. 

Tobey  and  contributors  therein  (1979)  reevaluated  reptiles  of  special 
concern  and  included  28  species  in  this  list.  Five  species,  all  sea  tur¬ 
tles,  were  considered  endangered  to  be  in  concordance  with  the  U.S.  Govern¬ 
ment's  listing.  No  other  Virginia  species  were  considered  in  this  category. 
Tobey  listed  eight  species  under  the  category  of  Special  Concern  (see  Lin- 
zey,  1979  for  definitions)  and  fifteen  under  Status  Undetermined  (Table 
1) .  Despite  its  wide  distribution  and  recognition  by  various  groups,  the 
list  had  no  official  recognition  and,  thus,  had  little  impact. 

Some  Virginia  species  are  already  afforded  a  measure  of  protection 
because  they  are  included  in  the  U.S.  Forest  Service's  list  of  species  of 
special  concern.  One  snake,  Pituophis  melanoleucus ,  is  already  on  the  list. 
Three  turtles  in  the  genus  Clemmys  and  another  snake,  Cpheodrys  vernalis, 
may  be  listed  in  the  future  (R.  Glasgow,  pers.  comm.) .  Under  U.S.  Forest 
Service  Law,  no  one  can  possess,  store  or  transport  any  fauna,  including 
reptiles,  from  forest  service  land  except  by  special  permit.  Sensitive 
species  receive  special  attention  during  the  permit  review. 

The  Natural  Heritage  Program  of  the  Virginia  Chapter  of  The  Nature 
Conservancy  (now  the  Virginia  Natural  Heritage  Program)  has  maintained  a 
list  based  partly  on  Tobey  (1979)  and  partly  on  comments  from  selected 
researchers,  including  ourselves.  The  NOngame  Wildlife  and  Endangered 
Species  Program  of  the  Virginia  Department  of  Game  and  Inland  Fisheries  is 
currently  ranking  species  of  special  concern  in  an  effort  to  determine  their 
management  needs.  A  proposed  listing  of  twenty  species  as  Endangered, 
including  two  reptiles,  in  July  1987  to  the  Department's  commissioners 
passed  unanimously  and  became  effective  October  1  of  that  year. 

Comments  that  follow  include  those  we  have  provided  to  the  Nongame 
Program  and  the  Virginia  Heritage  Program.  They  summarize  our  current 
views.  Table  1  includes  all  species  under  evaluation  and  their  1986  ranking 
by  the  Virginia  Natural  Heritage  Program.  Our  comments  address  the  species 
on  this  list.  Our  definitions  of  status  follow  those  of  the  Heritage  Pro¬ 
gram. 

Species  Accounts. 

We  cannot  evaluate  twa  species,  Anolis  carolinensis  and  Pseudemys 
florid ana,  that  are  on  the  Heritage  Program  list  because  we  have  insuffi¬ 
cient  evidence  to  confirm  their  occurrence  in  Virginia.  The  sea  turtles, 
all  federally  endangered,  are  not  considered  in  this  paper. 

Clemmys  insculpta  (Wood  Turtle) .  This  species  is  known  to  occur  in  northern 
Virginia  and  has  been  verified  from  six  localities  in  Fairfax,  Frederick  and 
Rockingham  Counties  (Figure  1) .  Its  population  status  in  Virginia  is  un¬ 
known;  it  is  not  an  abundant  turtle.  Wood  turtles  are  highly  valued  in  the 
pet  trade  and  their  habitat  is  seriously  threatened  by  urbanization  and 
siltation  of  streams.  The  West  Virginia  Heritage  program  lists  this  species 
as  having  special  scientific  interest.  We  list  it  as  Threatened  (Table  1) . 

Clemmys  muhlenbergii  (Bog  Turtle)  .  This  little  turtle  occurs  in  Virginia  in 
the  southeastern  Valley  and  Ridge  Physiographic  Region  and  has  been  verified 
from  seven  locations  (Fig.  1) .  We  have  no  data  on  population  size  or  stat¬ 
us.  Bog  turtles  are  among  the  most  valued  reptiles  in  the  pet  trade  and 
overcollecting  has  diminished  populations  (Nemuras,  1974) .  Habitat  loss 
due  to  drainage  of  freshwater  marsh  areas  is  the  most  serious  threat  to  the 
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Table  1.  Comparisons  of  rankings  of  Virginia  reptiles  in  Russ  (1973) ,  Tbbey 
(1979)  and  the  Virginia  Heritage  Program.  Definitions  for  rank  abbrevia¬ 
tions  for  Russ  (1973)  are  in  the  text,  for  Tbbey  (1979)  SC  is  special  con¬ 
cern  and  SU  is  status  undetermined,  and  for  the  Heritage  Program  and  JCM/CAP 
SI  is  endangered,  S2  is  threatened,  S3  is  rare,  SH  is  historical,  and  SU  is 
status  undetermined. 


Species  Russ  (1973)  Tbbey  (1979)  Heritage  JClVCAP 


Turtles: 

Chrysemys  p.  picta  x  marginata 
Clemmys  insculpta 
Clemmys  muhlenbergii 
Deirochelys  reticularia 
Graptemys  geographica 
Malaclemys  terrapin 
Pseudemys  concinna 
Trachemys  scripta  scr ipta 
Trachemys  scripta  troosti 
Sternotherus  minor  peltifer 
Trionyx  spiniferus 

Lizards: 

Eumeces  anthracinus 
Ophisaurus  attenuatus 
Ophisaurus  ventralis 

Snakes 

Agkistrodon  piscivorus 
Cemophora  coccinea 
Crotalus  horridus  (SE  VA) 

Elaphe  guttata 

Farancia  abacura 

Farancia  erytrogramma 

Lampropeltis  getulus  niger 

Lampropeltis  triangulum  elapsoides 

Nerodia  erythrogaster 

Nerodia  taxispilota 

Opheodrys  aestivus  conan ti 

Opheodrys  vernalis 

Pituophis  melanoleucus 

Regina  rigida 

Tantilla  coronata 

Virginia  valeriae  pulchra 


SU 

— 

— 

— 

E2 

— 

S3 

S2 

El 

SC 

SI 

SI' 

SU 
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SI 

SI' 

R2 

SU 

S3 

SU 

— 

— 

S3 

SU 

SU 

— 

— 

— 

R2 

— 

— 

— 

R2 

— 

SI? 

SU 

SU 

SU 

SI 

SU 

R2 

SU 

S2 

SU 

R1 

— 

S2? 

SU 

R2 

— 

— 

— 

— 

— 

SI 

S2 

R2 

— 

— 

— 

SU 

— 

— 

— 

E2 

SC 

S3? 

SI 

SU 

— 

— 

— 

R2 

— 

— 

— 

R2 

— 

— 

— 

SU 

— 

— 

SU 

E2 

— 

SU 

SU 

R2 

— 

— 

— 

R2 

— 

— 

— 

— 

— 

— 

SU 

SU 

— 

— 

— 

E2 

SU 

S2? 

SU 

SU 

SU 

SH 

SU 

R2 

SU 

S2 

SU 

SU 

— 

SU 

SU 

a  Officially  listed  as  Endangered  in  Virginia  in  1987. 


isolated  populations  of  this  turtle.  Bog  turtles  are  considered  endangered 
in  Maryland  (Dawson,  1984)  ,  Pennsylvania  (McCoy,  1985) ,  New  York  (Riexinger, 
1986)  and  Tennessee  (Tenn.  Nat.  Heritage  Program,  pers.  comm.) ,  and  threat¬ 
ened  in  North  Carolina  (Bruce,  1977) .  This  turtle  is  listed  as  a  Category  2 
species  by  the  U.S.  Fish  &  Wildlife  Service.  Russ  (1973)  ,  Tobey  (1979)  and 
the  Virginia  Heritage  Program  consider  populations  of  this  species  in  Vir¬ 
ginia  in  immediate  need  of  study  and  management.  This  species  was  official¬ 
ly  listed  as  Endangered  by  the  Virginia  Department  of  Game  and  Inland  Fish¬ 
eries  in  1987. 

Deirochelys  reticularia  (Chicken  Turtle)  .  The  only  known  population  of  this 
species  in  Virginia  is  located  in  the  cypress  ponds  of  Seashore  State  Park 
(Fig.  1) .  Chicken  turtles  were  abundant  from  the  late  1950's,  when  first 
discovered  (deRageot,  1968),  to  at  least  the  early  1970's.  We  conducted 
annual  mark-recapture  studies  in  these  ponds  1980-1985  (Mitchell  and  Pague, 
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Figure  1. 

Distribution  of  the  turtles  Clemmys  insculpta  (circles),  Clemmys  muhlenber- 
gii  (squares),  and  Deirochelys  reticularia  (triangle)  in  Virginia.  Solid  circles 
for  C.  insculpta  represent  vouchered  localities  and  open  circles  acceptable, 
but  unvouchered  locations. 


unpublished)  and  captured  only  one  live  female  and  observed  single  basking 
individuals  on  two  occasions.  Thus,  there  has  been  an  apparent  decline  in 
the  population  such  that  we  believe  extirpation  of  this  species  in  Virginia 
is  possible  in  the  near  future.  The  chicken  turtle  is  relatively  abundant 
in  the  contiguous  portion  of  its  range  in  southeastern  North  America  (J.  W. 
Gibbons,  personal  communication) .  Russ  (1973)  considered  this  species  of 
undetermined  status  and  we  and  the  Virginia  Heritage  Program  ranks  it  in  the 
endangered  category.  The  Virginia  Department  of  Game  and  Inland  Fisheries 
officially  listed  this  species  as  Endangered  in  Virginia  in  1987. 

Graptemys  geographica  (Map  Turtle)  .  These  turtles  are  known  to  occur  in 
Virginia  in  seven  localities  in  the  Tennessee  River  drainage  system  in  the 
southwestern  corner.  They  are  trophic  specialists,  consuming  mollusks 
almost  exclusively.  Prior  rankings  have  included  them  as  rare  or  status 
undetermined  (Table  1) .  This  species  is  listed  under  scientific  interest  in 
the  West  Virginia  Heritage  Program.  Our  fieldwork  in  southwestern  Virginia 
suggests  to  us  that  map  turtles  are  more  widespread  and  abundant  than  previ¬ 
ously  known.  We  suggest  that  this  species  be  included  in  a  full  scale 
survey  of  southwestern  Virginia  reptiles  to  determine  its  true  distribution 
and  population  status. 

Malaclemys  terrapin  (Diamondback  Terrapin) .  This  turtle  inhabits  estuarine 
waters  of  Virginia,  including  the  Chesapeake  Bay,  tidal  reaches  in  the 
Coastal  Plain,  and  marshes  of  the  barrier  islands.  It  is  verified  from  over 
20  localities.  This  species  was  once  abundant  in  the  Chesapeake  Bay,  but 
many  were  caught  in  crab  pots  and  drowned.  This  loss  continues.  In  con¬ 
trast  to  waters  associated  with  the  barrier  islands,  diamondback  terrapins 
in  Chesapeake  Bay  are  considerably  less  abundant.  It  is  considered  a  rare 
species  by  the  Heritage  Program  (Table  1) .  We  suggest  that  a  field  survey 
be  conducted  to  determine  its  population  status  in  the  Chesapeake  Bay  and 
its  western  tributaries. 

Trachemys  scr ipta  troosti  (Cumberland  Slider) .  The  occurrence  of  this 
turtle  in  southwestern  Virginia  was,  until  recently,  based  on  an  unverified 
observation  in  the  Clinch  River  in  Tazewell  County  (Tobey,  1985) .  We  con¬ 
firmed  its  presence  at  one  location  in  the  North  Fork  of  the  Holston  River 
in  1985  (Mitchell  and  Pague,  unpublished) .  This  species  has  been  listed  as 
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Rare  (Table  1) .  We  recommend  a  field  survey  to  determine  its  true  distribu¬ 
tion  and  population  status  in  Virginia  so  that  a  reasonable  decision  can  be 
made  regarding  its  status. 

Sternotherus  minor  peltifer  (Stripe-necked  Musk  Turtle)  .  In  Virginia,  this 
small  turtle  inhabits  rivers  of  the  Tennessee  River  drainage.  It  is  a 
bottom-walker  and  seldom  basks.  This  species  was  observed  for  the  first 
time  in  1959  in  Lee  County  (Tobey,  1985)  but  no  voucher  specimens  were 
taken.  We  confirmed  its  presence  in  southwestern  Virginia  in  Lee  and  Scott 
Gounties  in  1983-1985  and  are  currently  aware  of  four  verified  locations. 
It  has  been  ranked  as  Status  Undetermined  by  Russ  (1973)  and  Tobey  (1979) , 
and  Endangered  by  the  Heritage  Program.  Our  field  data  indicate  it  is  a 
relatively  common  turtle,  but  we  cannot  address  its  distributional  and 
population  status  without  the  results  of  a  complete  field  study. 

Trionyx  spiniferus  (Spiny  Softshell  Turtle) .  This  is  another  member  of  the 
turtle  fauna  inhabiting  the  Tennessee  River  drainage  system  in  southwestern 
Virginia.  The  first  record  for  Virginia  was  based  on  a  specimen  in  the 
National  Museum  of  Natural  History  (USNM  101386)  from  Smyth  County;  few 
specimens  have  been  collected  since  then.  We  know  of  three  verified  loca¬ 
tions.  Softshell  turtles  have  been  ranked  as  threatened,  rare,  or  status 
undetermined  (Table  1) .  Our  1985  field  observations  suggest  they  are  common 
in  at  least  two  areas  of  Scott  County.  This  species  should  be  included  in  a 
field  study  in  southwestern  Virginia  to  determine  its  distribution  and 
population  status. 

Eumeces  anthracinus  (Northern  Coal  Skink) .  Hoffman  (1944)  first  reported 
this  species  from  Alleghany  County,  Virginia  and  later  found  a  second  speci¬ 
men  there  and  one  in  Patrick  County.  Recent  field  work  revealed  three 
additional  specimens  in  Augusta  and  Botetourt  Counties  (Fig.  2).  This  is  a 
rarely  encountered  montane  lizard  and  is  characterized  by  disjunct  popula¬ 
tions  throughout  its  range  (Conant,  1975)  and  low  population  densities.  It 
is  considered  Endangered  in  Maryland  (Thompson,  1984) ,  of  Special  Concern  in 
North  Carolina  (Bruce,  1977)  and  West  Virginia  (WV  Heritage  Program,  pers. 
comm.) ,  and  Status  Undetermined  in  Pennsylvania  (McCoy,  1985) .  Russ  (1973) 
listed  it  as  rare  in  Virginia  and  the  Heritage  Program  has  it  categorized  as 
Status  Undetermined.  Considerable  field  work  is  necessary  to  obtain  enough 
information  on  which  to  make  a  decision  on  its  status  in  Virginia. 


Figure  2. 

Distribution  of  the  lizards  Eumeces  anthracinus  (circles)  and  Ophisaurus 
ventralis  (triangle)  in  Virginia.  The  open  circle  refers  to  an  unverified 
literature  record. 
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Ophisaurus  ventralis  (Eastern  Glass  Lizard) .  We  discovered  this  species  in 
Virginia  for  the  first  time  in  1983  in  False  Cape  State  Park  (Pague  et  al., 
1983)  .  It  has  yet  to  be  found  elsewhere  in  Virginia.  This  species  occurs 
in  areas  with  dense  grass  cover  on  sandy  substrates.  Rapid  urban  sprawl  in 
southeastern  Virginia  may  be  destroying  most  of  the  remaining  habitat  in 
Virginia.  Thus,  is  it  urgent  that  a  survey  be  conducted  to  determine  its 
full  range  in  Virginia  and  obtain  population  density  data  so  a  realistic 
decision  can  be  made  on  its  status.  We  consider  this  species  as  Threatened 
in  Virginia. 

Crotalus  horrid us  (Canebrake  Rattlesnake) .  Populations  in  southeastern 
Virginia  and  those  further  southward  were  formerly  recognized  as  C.  horrid us 
atr icaudatus  until  synonymized  by  Pisani  et  al.  (1973) .  Historically,  this 
species  ranged  throughout  Virginia  (Tobey,  1985;  Mitchell  and  Pague,  unpub¬ 
lished)  ,  but  populations  were  eliminated  between  those  in  the  southeast  and 
those  in  the  mountains  during  the  colonial  era.  The  canebrake  rattlesnake 
inhabits  swamp  lowlands  in  the  lower  York-James  peninsula  (Goodwin  and  Wbod, 
1956)  and  in  southeastern  Virginia  (Wbod,  1954;  Tbbey,  1985)  (Fig.  3). 
Habitat  loss  and  killing  by  humans  pose  the  most  serious  threats  to  its 
existence  in  Virginia.  It  is  characterized  by  low  population  numbers,  and 
its  demographic  characteristics  are  unknown.  It  is  most  likely  a  long- 
lived  animal  with  low  juvenile  recruitment.  It  has  been  considered  Endan¬ 
gered  by  Russ  (1973)  and  the  Virginia  Natural  Heritage  Program,  and  of 
Special  Concern  by  Tbbey  (1979) .  Because  of  rapid  habitat  loss  due  to 
development  in  southeastern  Virginia,  the  canebrake  needs  immediate  evalua¬ 
tion  and  management.  Its  existence  in  Virginia  is  endangered. 

Lampropeltis  getulus  niger  (Black  Kingsnake) .  This  dark  version  of  the 
eastern  (chain)  kingsnake  is  known  to  occur  in  Virginia  only  in  Lee  and 
Scott  counties  (Tbbey,  1985;  Mitchell  and  Pague,  unpublished) .  Its  distri¬ 
butional  and  populational  status  are  unknown.  We  have  four  confirmed  loca¬ 
tions.  Russ  (1973)  listed  it  as  Status  Undetermined.  Although  we  recommend 
no  active  management  at  this  time,  a  field  study  is  needed  to  determine  its 
status  in  southwestern  Virginia. 

Lampropeltis  triangulum  elapsoides  (Scarlet  King  Snake) .  This  subspecies  of 
L.  triangulum,  the  relatively  common  milk  snake  of  the  mountains,  is  a  very 
secretive  snake  of  southeastern  Virginia.  Intergrades  between  L.  _t.  elap¬ 
soides  and  L.  _t.  triangulum  are  occasionally  found  in  the  upper  Coastal 
Plain  and  Piedmont.  There  are  seven  verified  records  for  southeastern 
Virginia.  The  scarlet  king  snake  has  been  ranked  as  Endangered  and  Status 


Figure  3. 

Distribution  of  the  snakes  Crotalus  horridus  (diamonds),  Pituophis  melano- 
leucus  (circles),  Regina  rigida  (hexagon),  and  Virginia  valeriae  pulchra 
(triangle)  in  Virginia.  Open  diamonds  refer  to  unverified  records. 
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Figure  4. 

Distribution  of  Opheodrys  aestivus  conanti  on  the  Virginia  barrier  islands. 

Undetermined  (Table  1) .  We  hypothesize  that  it  is  more  common  than  indi¬ 
cated  by  museum  records.  We  recommend  that  a  field  study  be  conducted  to 
determine  its  distributional  and  populational  status. 

Opheodrys  aestivus  conant i  (Barrier  Islands  Rough  Green  Snake) .  This  sub¬ 
species  was  first  described  by  Grobman  (1984)  and  occurs  only  on  the  barrier 
islands  of  Virginia's  Eastern  Shore  (Fig.  4).  It  is  the  only  endemic  rep¬ 
tile  taxon  in  Virginia.  On  these  islands,  it  inhabits  grassy  and  shrub 
areas.  It  is  not  uncommon  on  some  islands,  although  its  true  population 
density  on  each  island  is  unknown,  as  is  its  demography.  We  include  it  in 
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our  list  here  because  of  its  endemicity  and  the  fact  that  barrier  islands 
are  inherently  unstable  ecosystems.  Fortunately,  most  of  these  islands  are 
owned  and  managed  by  The  Nature  Conservancy  which  affords  this  snake  consid¬ 
erable  protection.  However,  its  full  range  is  yet  to  be  documented  and  the 
demographic  characteristics  of  selected  populations  need  to  be  evaluated. 

Pituophis  melanoleucus  (Northern  Pine  Snake) .  This  large,  black  and  white 
snake  is  said  to  be  known  from  16  localities  (Tobey,  1985) ,  but  all  but  four 
(Fig.  3)  are  based  on  unsubstantiated  observations.  It  is  a  secretive 
snake  despite  its  length  of  up  to  1.5  meters,  and  occurs  in  xeric  areas  of 
mountain  slopes,  apparently  associated  with  talus  or  similar  habitats.  We 
know  nothing  of  its  population  biology  or  its  range  in  Virginia.  Like 
other,  especially  large  snakes,  it  is  killed  by  humans  when  encountered. 
Several  verbal  reports  to  one  of  us  (JCM)  indicate  it  may  be  found  in  por¬ 
tions  of  the  George  Washington  National  Forest.  The  timber  harvest  practice 
currently  used  therein,  clearcutting ,  has  an  unknown  affect  on  this  species. 
We  believe  the  distribution  and  status  of  this  snake  need  to  be  determined, 
as  well  as  many  aspects  of  its  population  biology  so  that  we  can  make  a 
reasonable  decision  about  its  status  in  Virginia.  The  George  Washington 
National  Forest  lists  it  as  a  sensitive  species.  It  is  considered  threat¬ 
ened  in  Tennessee  and  of  scientific  interest  in  West  Virginia. 

Regina  rigida  (Glossy  Crayfish  Snake) .  Seven  specimens  were  collected  in 
the  mouth  of  Diascund  Creek,  New  Kent  County,  Virginia  between  1939  and  1942 
(specimen  records,  Carnegie  Mus.  Nat.  Hist.) .  None  have  been  collected 
since  and  we  have  no  reliable  reports  of  observations.  According  to  the 
collection  data,  they  were  found  in  the  marsh  areas  of  the  creek.  The 
closest  known  population  is  approximately  155  km  south  below  the  Albemarle 
Sound  in  North  Carolina  (Richmond,  1940;  Huheey,  1959) .  Russ  (1973)  and 
Tbbey  (1979)  considered  this  small  snake  to  be  of  Status  Undetermined,  but 
the  Heritage  Program  ranks  it  as  Endangered.  The  status  of  this  species 
needs  immediate  evaluation.  Field  studies  should  determine  whether  it  still 
exists  in  Virginia  and,  if  so,  its  distribution  and  population  ecology. 
Until  additional  information  is  available,  we  can  only  realistically  list 
this  species  in  the  Status  Undetermined  category  (Table  1) . 

Tantilla  coronata  (Southeastern  Crowned  Snake) .  This  is  a  small  secretive 
snake  that  inhabits  xeric  areas  usually  associated  with  pine  woods.  Until 
recently,  it  was  known  from  Virginia  from  four  verified  locations  in  the 
southwestern  Piedmont.  In  1985  a  specimen  was  found  by  one  of  us  (CAP)  in 
Isle  of  Wight  County.  We  do  not  consider  this  species  in  danger  of  extirpa¬ 
tion  in  Virginia  because  of  its  apparent  widespread  distribution.  We  assign 
it  to  the  category  of  Status  Undetermined  because  of  the  lack  of  population 
data.  Field  studies  are  needed  to  determine  its  true  status  in  Virginia. 

Virginia  valeriae  pulchra  (Mountain  Earth  Snake) .  This  small  secretive 
snake  was  added  to  the  Virginia  checklist  in  1969  based  on  a  specimen  found 
in  Highland  County  (Fig.  3)  but  subsequently  lost.  David  A.  Young  discov¬ 
ered  a  specimen  in  1986  in  the  same  area  to  confirm  its  presence  in  Vir¬ 
ginia.  Nothing  is  known  of  its  true  distribution  or  population  biology  in 
Virginia.  The  only  location  known  is  in  an  area  currently  being  harvested 
for  timber.  The  effects  of  timber  harvesting  are  unknown.  We  recommend 
that  a  field  study  include  a  survey  of  its  range  in  Virginia  and  an  inten¬ 
sive  study  of  its  population  dynamics  related  to  timber  practices  and  land 
use. 

Management  Strategies. 

The  way  in  which  we  manage  reptile  species  of  special  concern,  as  any 
other  group  of  plants  and  animals,  partly  depends  on  the  biological  attri¬ 
butes  of  the  species  involved.  Pague  and  Mitchell  (this  volume)  discuss 
management  strategies  for  amphibians  and  show  that  management  by  protection 
of  large  areas  of  habitat  would  include  most  frog  species  of  special  con¬ 
cern,  whereas  focusing  on  individual  species  would  be  an  appropriate  stra¬ 
tegy  in  most  cases  for  salamanders.  They  base  their  observations  on  an 
evaluation  of  species  tracks  which,  when  clustered,  identify  areas  of  high 
species  diversity  versus  areas  of  low  diversity.  Although  several  species 
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of  reptiles  have  range  margins  terminating  in  southeastern  and  southwestern 
Virginia,  an  evaluation  of  the  tracks  of  species  of  special  concern  (Figures 
1-4)  shows  that  none  overlap.  Thus,  although  we  may  be  able  to,  and  should, 
preserve  entire  reptile  communities  by  protection  of  selected  parcels  of 
land,  management  of  each  of  the  species  of  special  concern  must  be  conducted 
on  a  species  by  species  basis.  Because  of  the  variation  in  reptile  life 
histories  (e.g.,  Harless  and  Morelock,  1979;  Huey  et  al.,  1983;  Seigel  et 
al.,  1987),  studies  of  population  dynamics  and  demography  must  play  central 
roles  in  any  effort  to  protect  and  manage  Virginia's  reptiles. 
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ABSTRACT 

Research  has  been  carried  out  on  sea  turtles  in  Chesapeake  Bay 
and  adjacent  waters  since  1979.  Chesapeake  Bay  supports 
populations  of  juvenile  loggerhead,  Caretta  caretta  (Linnaeus) 
and  Kemp’s  ridley,  Lepidochel vs  kempi  (Garmon)  sea  turtles 
during  summer.  Data  from  our  aerial  surveys  and  biotelemetry 
studies  show  that  turtles  migrate  northward  from  south  of  Cape 
Hatteras  and  enter  the  Bay  during  spring.  We  estimate  between 
2000  and  10,000  loggerheads  utilize  the  Bay  during  summer,  where 
they  forage  for  abundant  invertebrate  fauna.  Fifty  to  200  sea 
turtles  strand  dead  on  shore  each  year.  At  least  one-third  of 
the  deaths  are  attributable  to  human  activity.  In  fall,  turtles 
migrate  out  of  the  Bay,  and  travel  along  the  coast  to  south  of 
Cape  Hatteras.  Chesapeake  Bay  is  an  important  developmental 
habitat  for  loggerhead  and  ridley  sea  turtles. 

INTRODUCTION 

Four  of  the  seven  extant  species  of  sea  turtles  are  found  in 
Virginia’s  waters  (Bellmund  et  al . ,  1987).  Loggerheads  (Caretta  caretta) 
are  the  most  common  sea  turtle  in  Chesapeake  Bay  and  adjacent  waters,  and 
are  found  throughout  temperate  seas  in  open  ocean  as  well  as  inland  Bays 
and  estuaries  (Carr,  1952;  Ernst  and  Barbour,  1972).  The  second  most 
common  sea  turtle  in  Virginia  waters  is  Kemp’s  ridley  ( Lepidochel vs  kempi). 
which  is  found  throughout  the  Gulf  of  Mexico  and  the  temperate  western 
Atlantic  Ocean  (Carr, 1952;  Ernst  and  Barbour,  1972)  as  well  as  Chesapeake 
Bay  (Hardy,  1962).  Kemp’s  ridley  is  in  severe  danger  of  extinction 
throughout  its  range  (Carr,  1977).  Leatherback  turtles,  Dermochel vs 
coriacea  (Linnaeus)  are  primarily  pelagic  in  all  oceans  (Carr,  1952;  Ernst 
and  Barbour,  1972),  however,  they  occasionally  enter  Chesapeake  Bay  and 
travel  as  far  north  as  Maryland  (Hardy, 1969) .  Green  turtles,  Chelonia 
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mydas  (Linnaeus)  were  historically  reported  in  Chesapeake  Bay  (Brady,  1925) 
but  are  now  rarely  observed. 

Research  on  the  ecology  of  sea  turtles  has  been  conducted  at  the 
Virginia  Institute  of  Marine  Science  (VIMS)  since  1979.  We  employed  a 
variety  of  techniques  to  define  the  distribution  and  abundance  of  sea 
turtles  in  Virginia,  and  to  describe  their  basic  biology  (e.g.,  behavior 
and  movements)  and  causes  of  mortality.  The  studies  were  designed  to 
provide  information  necessary  to  manage  and  conserve  these  species,  which 
are  considered  threatened  or  endangered  by  the  Federal  Government  (CFR, 
1987). 


MATERIALS  AND  METHODS 

The  work  reported  here  involved  examination  and  measurement  of  live 
and  dead  turtles,  aerial  surveys,  and  biotelemetry,  permiting  us  to  develop 
an  overview  of  the  biology  and  ecology  of  sea  turtles  in  Virginia. 

Since  1979  we  have  established  a  growing  volunteer  network  of 
cooperating  individuals  and  agencies  who  examined  and  reported  data  on 
dead,  stranded  turtles  to  us.  Data  reported  included  location,  species 
identification,  and  carapace  length  of  dead,  stranded  turtles  to  us.  When 
possible,  VIMS  personnel  examined  the  specimens,  took  additional 
morphological  measurements  (weight,  and  length  and  width  of  the  carapace, 
plastron  and  head),  and  autopsied  the  turtles.  Internal  examination 
included  determination  of  sex,  cause  of  death,  and  analysis  of  stomach 
contents . 

Live  turtles  were  provided  to  us  by  local  cooperating  fishermen. 
Morphological  measurements  were  made,  and  numbered  tags  were  applied  to 
both  front  flippers  for  future  identification  of  individuals.  Turtles  that 
appeared  healthy  were  released  or  were  used  for  telemetric  studies.  Sick 
turtles  were  rehabilitated  prior  to  release. 

Since  1982,  aerial  surveys  were  flown  regularly  over  Chesapeake  Bay 
(Figure  1)  to  determine  distribution  and  estimate  population  densities  of 
loggerheads  (Bellmund  et  al . ,  1987;  Byles  et  al . ,  MS).  Surveys  were  also 
flown  from  Cape  Henry,  Virginia  to  Cape  Hatteras,  North  Carolina  up  to  28 
km  offshore  (Figure  2)  to  determine  the  timing  and  size  of  the  migratory 
population  of  loggerheads.  All  surveys  were  conducted  in  a  DeHavilland 
Beaver  at  an  altitude  of  152  m.  Previous  studies  (Musick  et  al . ,  1985) 
showed  that  most  turtles  are  seen  in  a  250  m  wide  strip  on  either  side  of 
the  airplane  and  we  only  used  data  from  within  those  strips.  Thus,  the 
total  area  surveyed  equals  the  linear  km  flown  multiplied  by  0.5  km  (250  m 
x  2  observers).  This  number,  divided  into  the  number  of  turtles  observed, 
yields  relative  density  (ie.  density  of  turtles  at  the  surface). 

The  surfacing  behavior  of  turtles  affects  the  population  density 
estimates  obtained  from  aerial  surveys  because  only  turtles  at  the  surface 
are  observed.  A  surface  adjustment  factor,  the  inverse  of  the  proportion 
of  the  time  spent  at  the  surface  (Keinath,  1986;  Standora  et  al . ,  1984),  is 
necessary  to  account  for  submerged  turtles.  Therefore,  relative  density 
was  multiplied  by  the  surface  adjustment  factor  to  provide  estimated 
population  density,  which  was  extrapolated  to  estimate  population  size  for 
the  area  monitored.  These  survey  and  estimation  methods  were  applicable 
only  to  loggerheads,  because  of  observational  difficulties  related  to  the 
other  species  (ridleys  and  greens  are  much  smaller  and  cryptically  colored 
turtles  and  thus  were  not  easily  observed  from  152  m  altitude)  and  the 
paucity  of  habitat  and  behavioral  data  for  ridleys,  greens,  and 
leatherbacks. 

Telemetric  studies,  which  provide  movement,  habitat,  and  behavioral 
data,  involved  the  attachment  of  radio  and/or  sonic  transmitters  to  the 
rear  of  the  carapace.  Sonic  signals,  received  by  a  directional  hydrophone 
aboard  a  boat,  were  used  to  maintain  contact  with  individual  turtles. 
Radio  signals,  which  could  only  be  received  by  directional  antennas  when 
the  turtle  was  at  the  surface,  provided  information  about  the  surfacing 
behavior  of  individuals.  Two  ridleys  and  11  loggerheads  were  telemetered 
in  Chespeake  Bay,  and  four  loggerheads  were  monitored  in  offshore  waters. 

RESULTS  AND  DISCUSSION 

Sea  turtles  are  seasonal  visitors  to  Virginia  waters.  Although  adults 
can  be  found  offshore,  primarily  juvenile  turtles  enter  Chesapeake  Bay, 
which  provides  forage  and  shelter  from  sharks,  known  predators  of  small  sea 
turtles  (Balazs,  1979;  Brongersma,  1972).  We  know,  based  on  information 
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from  both  the  stranding  network  and  aerial  surveys  (Bellmund  et  al . ,  1987, 
CETAP,  1982a,  b;  Musick  et  al . ,  1985;  Shoop  et  al . ,  1981),  that  turtles  are 
present  in  this  area  each  year  from  May  to  November,  which  coincides  with 
water  temperatures  in  excess  of  18  C.  Migration  to  warmer  water  is 
necessary  to  avoid  lethal  winter  temperatures  in  Virginia.  Biotelemetry 
and  aerial  data  have  shown  the  migratory  routes  of  loggerheads  to  be 
nearshore,  and  to  extend  at  least  as  far  as  Cape  Hatteras,  North  Carolina 
(Byles  et  al . ,  MS;  CETAP,  1982a  &  b;  Shoop  et  al . ,  1981),  although  winter 
habitats  have  not  been  found. 

The  four  species  we  have  documented  in  Virginia’s  waters,  in  order  of 
increasing  abundance,  are  green  turtles,  leatherbacks,  ridleys,  and 
loggerheads  (Table  1).  Few  verifiable  green  turtle  records  from  Virginia 
or  adjacent  waters  exist.  We  have  recorded  four  dead  and  one  live  green 
turtle  from  Chesapeake  Bay  and  adjacent  waters  since  1979  (Table  1),  all 
after  1983.  These  recent  occurences  may  reflect  conservation  efforts  in 
the  southern  range. 

The  leatherback  is  the  third  most  abundant  species  in  Virginia  but 
should  be  considered  uncommon.  We  have  examined  13  carcasses  and  two  live 
specimens  since  1979  (Table  1)  but  regularly  observe  individuals  in  the 
vicinity  of  Chesapeake  Bay  mouth  on  aerial  surveys.  Leatherbacks  subsist 
on  jellyfish  and  other  soft  bodied  creatures  (Carr,  1952).  Two  species  of 
jellyfish,  Aurelia  aurita  (Linnaeus)  and  Chrvsaora  quinquecirrha  (Desor) 
are  extremely  abundant  in  the  Bay  and  flush  to  the  Bay  mouth  where 
leatherbacks  may  congregate  to  feed. 

Kemp’s  ridley  is  the  second  most  abundant  turtle  we  observe  in 
Virginia.  We  have  examined  50  dead  and  30  live  specimens  during  the  study 
period  (Table  1).  Juvenile  Kemp’s  ridleys  appear  to  use  the  Chesapeake  Bay 
as  a  major  developmental  habitat.  There  are  few  places  along  the  Atlantic 
seaboard  where  such  large  concentrations  of  immature  ridleys  have  been 
reported.  Kemp’s  ridley  is  the  world’s  most  endangered  species  of  sea 
turtle  (Carr,  1977)  and  in  order  that  the  species  recover,  it  is  paramount 
that  every  protection  be  afforded  Chesapeake  Bay  juvenile  populations  and 
habitats. 

Loggerhead  turtles  are  the  most  abundant  sea  turtle  of  coastal  United 
States  and  likewise  in  Virginia.  Since  1979,  we  have  recorded  853  dead 
loggerheads  and  171  live  specimens  from  Chesapeake  Bay  and  adjacent  shores 
(Table  1).  Because  of  their  abundance,  our  studies  focused  primarily  on 
1 oggerheads . 

Population  estimates  have  been  made  for  loggerhead  turtles  within 
Chesapeake  Bay  using  densities  obtained  from  aerial  survey  counts  (Byles  et 
al . ,  MS)  and  modified  by  behavioral  data  revealed  by  biotelemetry  studies 
(Byles,  MS)  (Table  2).  We  estimate  between  2000  and  10,000  juvenile 
loggerheads  inhabit  the  Bay  south  of  the  Potomac  River  each  summer.  Since 
loggerheads  do  not  inhabit  water  less  than  4  m  deep  (Byles,  MS),  this 


Table  1:  Number  of  dead  and  live  sea  turtles  recorded  by  VIMS  since  1979. 
This  table  includes  all  turtles  examined  by  VIMS  personnel  and  cooperating 
stranding  network  volunteers.  Cc  =  Caretta  caretta  (loggerheads),  Lk  = 
Lepidochel vs  kempi  (ridleys),  Dc  =  Dermochel vs  coriacea  (leatherbacks),  Cm 
=  Chel oni a  mydas  (greens). 


SPECIES 

Cc 

Lk 

Dc 

Cm 

Unknown 

YEAR 

dead 

live 

dead 

1  i  ve 

dead  live 

dead 

1  i  ve 

all  dead 

1979 

122 

2 

7 

0 

1 

0 

0 

0 

9 

1980 

189 

7 

9 

1 

3 

0 

0 

0 

6 

1981 

63 

4 

7 

3 

0 

0 

0 

0 

6 

1982 

113 

15 

2 

4 

2 

0 

0 

0 

17 

1983 

131 

28 

5 

9 

2 

0 

0 

0 

5 

1984 

124 

50 

7 

4 

3 

0 

2 

0 

8 

1985 

51 

31 

1 

6 

2 

1 

0 

0 

7 

1986 

60 

34 

12 

3 

0 

1 

2 

1 

2 

total 

853 

171 

50  ■ 

30 

13 

2 

4 

1 

60 

total 

1024 

80 

15 

5 

60 
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estimate  is  based  on  1383  km  of  water  in  the  lower  bay  that  is  greater 
than  4  m  deep.  Turtle  densities  in  Chesapeake  Bay  obtained  from  aerial 
surveys  were  multiplied  by  an  adjustment  factor  of  18.8  to  account  for 
submerged  turtles.  The  factor  was  calculated  from  radio-equipped 
loggerheads  in  the  Bay  (Byles,  MS;  Musick  et  al . ,  1985).  Similar 
biotelemetry  of  migrating  loggerheads  in  offshore  waters  (JAK)  revealed 
they  spent  more  time  (17%)  at  the  surface  t.ian  individuals  in  estuarine 
foraging  habitats  (5%).  The  difference  may  be  attributable  to  two  factors. 
Migrating  turtles  expend  more  energy  than  foraging  turtles  and  thus  respire 
more  frequently.  Also,  during  migration,  these  poikilothermic  reptiles 
would  benefit  from  remaining  in  warmer  surface  water.  The  greater  surface 
time  of  migrating  loggerheads  necessitates  the  application  of  a  smaller 
adjustment  factor  (5.3)  to  results  of  offshore  aerial  population  density 
estimates . 

Offshore  aerial  surveys  between  Cape  Hatteras,  NC,  and  Cape  Henry,  VA, 
during  1985  and  1986  (Figure  2)  showed  that  loggerheads  migrated  from  south 
of  Cape  Hatteras  into  Chesapeake  Bight  in  April  and  May  (Table  2).  This 
immigration  time  varied  by  three  weeks  between  the  two  years.  Turtles 
arrived  off  the  VA  coast  during  late  April  in  1985,  but  not  until  mid  May 
in  1986,  and  this  pattern  corresponded  with  cooler  water  present  later 
during  1986.  Densities  of  turtles  remained  relatively  constant  in  offshore 
waters  during  summer.  In  fall  1985  a  hurricane  in  late  September  cooled 
the  Bay  water  substantially,  which  probably  initiated  sea  turtle  emigration 
out  of  Cheapeake  Bay.  Turtles  moved  progressively  southward  and  were  south 
of  Cape  Hatteras  in  December.  In  fall  1986  the  emigration  from  the  Bay  was 
less  pronounced. 

Continued  stomach  content  analyses  (JAK)  and  recent  biotelemetric 
studies  (Byles,  MS)  support  the  contention  of  Lutcavage  (1981)  and 
Lutcavage  and  Musick  (1985)  that  ridleys  and  loggerheads  partition 
available  habitat  and  food  resources  in  the  Chesapeake  Bay.  Loggerheads 
are  found  primarily  in  river  mouths  and  deeper  (>  4  m)  channels,  where  they 
feed  on  abundant  horseshoe  crabs,  Limul us  pol yphemus  (Linnaeus).  Ridleys 
forage  in  shallower  waters,  such  as  seagrass  beds,  which  are  nursery 


Table  2.  Aerial  survey  data  for  1985  and  1986  combined.  Date  is  split 
into  months,  early  (E),  the  first  half,  and  late  (L),  the  last  half  of  each 
month.  F  =2numt>er  of  flights,  T  =  number  of  turtles  sighted,  A  =  area 
covered  (krrr),  D  =  adjusted  density  of  turtles  {turtl es/knr) . 


DATE 

Mid- 

-Bav 

Lower  Bav 

Offshore 

F 

T 

A 

D 

F 

T 

A 

D 

F 

T 

A 

D 

April 

E 

- 

- 

- 

- 

- 

- 

- 

- 

1 

23 

63 

2.5 

L 

- 

- 

- 

- 

- 

- 

2 

128 

250 

3.5 

May 

E 

- 

- 

- 

_ 

1 

16 

66 

4.6 

4 

285 

297 

6.6 

L 

1 

5 

66 

1.4 

2 

23 

98 

4.4 

4 

190 

275 

4.8 

June 

E 

2 

10 

121 

1.6 

1 

6 

63 

1.8 

1 

5 

93 

0.4 

L 

1 

0 

60 

0 

3 

56 

191 

5.5 

- 

- 

- 

- 

July 

E 

1 

4 

65 

1.2 

1 

4 

63 

1.2 

2 

54 

186 

2.0 

L 

2 

4 

105 

0.7 

3 

93 

162 

10.8 

1 

8 

53 

1.0 

Aug 

E 

2 

9 

126 

1.3 

2 

41 

126 

6.1 

2 

34 

110 

2.1 

L 

2 

5 

123 

0.8 

2 

10 

189 

1.0 

2 

44 

186 

1.6 

Sept 

E 

1 

0 

60 

0 

1 

12 

63 

3.6 

2 

21 

88 

1.6 

L 

1 

1 

63 

0.3 

2 

16 

205 

1.5 

1 

13 

140 

0.6 

Oct 

E 

1 

1 

66 

0.3 

1 

8 

66 

2.3 

2 

18 

80 

1.6 

L 

" 

- 

3 

11 

194 

1.1 

3 

41 

263 

1.1 

Nov 

E 

- 

- 

- 

- 

_ 

_ 

_ 

_ 

1 

52 

181 

2.0 

L 

1 

0 

63 

0 

3 

41 

255 

1.1 

Dec 

E 

- 

- 

- 

_ 

_ 

_ 

_ 

_ 

2 

8 

99 

0.6 
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Figures  1. 

Chesapeake  Bay  aerial  survey  areas.  The  two  sample  areas  are  indicated 
within  the  Bay  (mid-  and  lower  Bay).  Four  stratified  random  east-west  lines 
within  one  of  the  areas  were  flown  per  flight.  Aerial  survey  data  are 
summarized  in  Table  2. 
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Figure  2. 

Continuous  offshore  aerial  survey  lines.  At  least  seven  lines  were  sampled 
per  flight,  lines  sampled  were  dictated  by  previous  observations.  Aerial 
survey  data  are  summarized  in  Table  2. 
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grounds  for  their  predominant  prey,  blue  crabs,  Cal  1 inectes  sapidus  Rathbun 
(Orth  and  Heck,  1980). 

In  addition  to  population  densities,  movement,  and  behavior, 
information  about  causes  of  mortality  is  necessary  to  effectively  manage 
these  species.  We  were  able  to  determine  apparent  cause  of  death  in 
approximately  50%  of  the  dead  turtles  we  examined.  Severe  decomposition 
and/or  lack  of  visible  wounds  precluded  a  concrete  determination  in  the 
other  cases.  All  of  the  explainable  deaths  were  attributable  to  human 
activities.  Propellor  wounds  were  observed  on  10%  of  the  turtles  examined 
and  two  individuals  had  gunshot  wounds.  Forty  percent  of  the  examined 
carcasses  were  either  found  entangled  in  gill  or  pound  nets,  or  with 
constrictions  marks  on  the  flippers  or  neck  suggesting  entanglement 
(Bellmund  et  al . ,  1987;  Musick  et  al . ,  1985). 

Virginia’s  waters  provide  important  habitat  for  large  numbers  of 
loggerhead  sea  turtles  during  the  summer.  Chesapeake  Bay  in  particular  is 
an  important  developmental  habitat  for  juvenile  loggerhead  and  Kemp’s 
ridley  turtles.  Although  much  has  been  learned  in  recent  years  about  sea 
turtles  in  Virginia  (including  species  size,  sex  ratios,  stranding 
statistics  and  cause  of  death,  diving  behavior,  migration  patterns,  age  and 
growth,  and  blood  chemistry),  much  still  needs  investigation.  Critical 
information  is  needed  on  energetics,  cost  of  migration,  mechanisms  of 
migration,  and  overwintering  habitat. 
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ABSTRACT 

An  annual  survey  of  the  beach  nesting  birds  along  the 
barrier  islands  of  Virginia  reveals  a  large  stable 
population  of  Piping  Plovers.  Despite  annual  fluctuations 
in  the  estimated  population  at  certain  sites,  the  relative 
stability  of  the  Virginia  population  does  not  mimic  the 
declining  populations  of  the  species  in  other  areas.  The 
primary  reason  for  the  long  term  stability  of  the 
population  is  the  protected  status  of  the  barrier  islands 
belonging  to  the  state  of  Virginia,  U.S.  Fish  and  Wildlife 
Service,  and  the  Virginia  Coast  Reserve. 

INTRODUCTION 

The  Atlantic  population  of  the  Piping  Plover  ( Charadrius 
melodius  melodius  Ord)  was  declared  to  be  a  threatened  population 
in  January  1986  (Federal  Register,  1985).  This  small  beach 
nesting  shorebird  is  a  familiar  summer  breeder  from  South  Carolina 
to  Newfoundland  (Bent,  1929;  Cairns,  1977;  Wilcox,  1939).  Along 
the  northern  Atlantic  coast,  population  declines  are  well 
documented  (Cairns  and  McLaren,  1980).  Reasons  for  these 
population  declines  include  habitat  loss  due  to  development,  human 
disturbance,  and  human  pets  acting  as  predators  (Cairns,  1977; 
Flemming,  1984;  Cairns  and  McLaren,  1980;  Burger,  1986). 
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Predation  from  wild  mammals  may  also  be  a  factor  in  loss  of  eggs 
and  nestlings  (Wilcox,  1939).  This  may  especially  true  on  the 
larger  more  heavily  vegetated  islands  such  as  Assateague 
(Patterson  et  al .  ,  1987).  Expanding  populations  of  large  gulls, 
including  the  Herring  Gull  (Larus  araentatus  Pontoppidan)  and  the 
Great  Black-backed  Gull  (Larus  marinus  Linnaeus)  may  either  act 
as  direct  predators  on  Piping  Plovers  or  cause  abandonment  of 
former  nesting  areas  (Erwin,  1979;  Cartar,  1976).  An  excellent 
summary  of  the  nesting  biology  and  reasons  for  decline  may  be 
found  in  the  Atlantic  Coast  Piping  Plover  Recovery  Plan  (II.  S.  Fish 
and  Wildlife  Service,  1987). 

Because  of  the  interest  in  the  historical  status  of  this 
species,  and  the  unique  population  of  Piping  Plovers  on  the 
Virginia  barrier  islands,  an  annual  barrier  island  breeding  census 
for  the  species  was  begun  in  1975.  We  believe  this  is  the  longest 
continual  census  of  the  Piping  Plover  along  the  Atlantic  coast. 

METHODS 

In  conjunction  with  an  annual  nesting  census  of  colonially 
nesting  shorebirds  for  the  Colonial  Bird  Register,  censuses  of 
adult  Piping  Plovers  were  made  along  eleven  of  the  barrier  islands 
in  Virginia.  These  islands  included  (from  North  to  South) 
Assawoman,  Metomkin,  Cedar,  Parramore,  Hog,  Cobb,  Wreck,  Ship 
Shoal,  Myrtle,  Smith,  and  Fisherman.  Most  of  these  islands  were 
incorporated  by  the  Nature  Conservancy  in  1975  to  form  the 
Virginia  Coast  Reserve.  Other  islands  on  the  eastern  shore,  were 
censused  for  bird  life,  but  only  those  listed  above  have  the 
suitable  sandy  beaches  for  nesting  plovers.  Because  our  census 
was  limited  to  the  lower  barrier  islands,  Wallop's  and  Assateague 
Islands  were  not  included  in  the  annual  survey. 

Each  of  the  Virginia  barrier  islands  was  walked  in  entirety 
once  each  year  to  census  bird  populations.  Censuses  were 
conducted  during  the  second  or  third  week  of  June  to  coincide  with 
the  maximum  numbers  of  nesting  birds.  Islands  with  dense  bird 
life  were  censused  by  as  many  as  four  counters,  while  less  densely 
populated  islands  were  censused  by  one  counter.  Adult  Piping 
Plovers  were  identified  by  calls  and  visual  observation  as 
encountered  on  the  beach.  Care  was  used  to  census  the  most  typical 
habitat  and  to  avoid  counting  the  same  bird  twice.  Four  of  the 
authors,  Williams,  Akers,  Beck  and  Via  have  been  responsible  for 
data  collection  in  the  annual  census  since  1975. 

One  of  the  authors,  K.  Terwilliger,  coordinated  an  intensive 
population  survey  for  the  Piping  Plover  for  Virginia  in  1986.  The 
scope  of  this  project  was  to  determine  the  population  status, 
human  disturbance,  and  reproductive  success  for  the  Piping  Plover 
in  the  state.  To  obtain  the  best  estimate  of  these  population 
parameters,  each  nesting  site  was  visited  at  least  four  times 
during  the  season.  Because  the  scope  of  this  census  was 
statewide,  Assateague  National  Seashore,  Wallop's  Island  and  a 
site  in  Hampton,  Virginia  were  included. 

RESULTS 

Table  1  is  a  compilation  of  the  census  results  for  the  12-year 
period.  No  data  were  collected  on  Piping  Plovers  in  1976  and  1977 
due  to  a  protracted  census  schedule  and  a  limited  number  of 
counters.  The  low  number  of  birds  in  1978  was  due  to  storm  tides 
the  week  before  the  census,  which  washed  away  all  nests  of  beach 
nesting  birds.  As  a  result,  few  birds  were  on  territory  the  week 
of  the  census. 

Six  of  the  eleven  islands  had  Piping  Plovers  every  year  of  the 
census.  While  the  totals  for  each  year  are  somewhat  consistent, 
one  interesting  trend  is  a  decrease  in  population  size  on  some 
islands  and  an  increased  population  size  on  other  islands.  In 
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TABLE  1 


Piping  Plover  Census: 


Island 

75  76 

77  78 

79 

Assawoman 

6 

6 

15 

Metomkin 

14 

4 

23 

Cedar 

8 

5 

Parramore 

8 

2 

18 

Hog 

22 

10 

17 

Cobb 

12 

14 

25 

Wreck 

4 

1 

Ship  Shoal 

Myrtle 

4 

3 

6 

Smith 

3 

6 

Fisherman 

5 

Total 

78 

42 

121 

Virginia  Barrier  Islands 
Year 


80 

81 

82 

83 

84 

85 

86 

87 

17 

8 

3 

8 

1 

8 

7 

9 

4 

15 

29 

32 

18 

29 

47 

59 

5 

12 

13 

21 

22 

16 

10 

9 

6 

16 

2 

9 

7 

13 

13 

22 

19 

11 

11 

11 

7 

15 

25 

25 

13 

10 

6 

9 

10 

1 

2 

2 

2 

5 

4 

2 

14 

17 

8 

10 

2 

10 

2 

4 

5 

6 

15 

7 

9 

10 

5 

3 

5 

2 

1 

68  88  129  125  101  95  95  114 


particular,  Metomkin  shows  an  increase  in  population  in  the  last 
two  years. 

The  1986  intensive  population  census  for  Virginia  revealed  84 
pairs  and  14  single  adults  resulting  in  a  total  Virginia 

population  of  .182  adults.  This  number  is  higher  than  the  estimate 
obtained  in  the  annual  census  for  1986  (Table  1)  because  other 
areas  were  included  and  multiple  census  visits  improved  the 
accuracy  of  the  census.  This  number  represents  the  most  complete 
estimate  of  the  Virginia  population.  The  Virginia  population 
represents  one  eighth  of  the  Atlantic  Coast  population  of  the 
species  (U.S.  Fish  and  Wildlife  Service,  1987). 

DISCUSSION 

The  yearly  variation  in  population  totals  is  due  in  part  to 
the  effect  of  the  weather  on  the  Piping  Plovers  immediately 
preceding  the  census.  Because  of  the  unprotected  nature  of 

barrier  islands.  Piping  Plovers  may  re-nest  several  times  each 
year  in  response  to  adverse  weather  (Wilcox,  1959;  Cairns,  1977). 
In  early  stages  of  re-nesting  and  courtship,  exact  population 
estimates  are  difficult  to  determine  because  adults  are  less 

territorial  during  the  early  stages  of  courtship.  Adults  are  more 
easily  censused  when  they  are  most  territorial,  particularly 
during  the  nesting  stages  of  incubation  and  hatching.  (Cairns, 
1982).  Additional  variation  may  also  occur  because  of  sampling 
only  once  each  season  and  late  nesting  birds  are  missed.  As  a 
result  of  these  factors,  we  are  hesitant  to  explain  the  variation 
in  population  numbers  among  the  years  of  the  study. 

Despite  the  variation  in  the  annual  population  totals,  the 
data  for  the  the  censused  barrier  islands  do  not  indicate  a 
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declining  population  for  Piping  Plovers  in  Virginia,  unlike  other 
Atlantic  coast  populations  which  are  showing  a  decline  (Cairns  and 
McLaren,  1980;  Haig  and  Oring,  1985). 

While  the  population  shifts  from  island  to  island  are  beyond 
the  scope  of  this  paper,  it  is  possible  that  the  birds  are 
responding  to  local  pressures,  for  example  Cedar  Island. 
Increased  construction  and  human  activity  threaten  the  small 
present  population.  Human  activities  such  as  construction,  and 
especially  vehicles  associated  with  construction,  and  other  human 
intrusion  into  nesting  territories  are  well  documented  reasons  for 
Piping  Plover  declines  (Cairns,  1977;  Burger,  1986  and  U.S.  Fish 
and  Wildlife,  1987). 

Because  human  activity  is  very  limited  on  most  of  the  other 
islands,  additional  factors  may  be  responsible  for  the  shifts  in 
numbers  from  island  to  island.  Mammalian  predation  may  account 
for  nestling  loss  and  population  disturbance.  Predation  by 
Raccoons  ( Proc von  lotor  Linnaeus)  and  Red  Foxes  ( Vulpes  fulva 
Desmarest)  account  for  64%  of  the  known  nest  losses  on  nearby 
Assateague  Island  (Patterson  et  al.,  1987).  Another  factor  reason 
might  be  the  increasing  population  of  large  gulls  (Herring  Gulls 
and  Great  Black-backed  Gulls)  on  the  barrier  islands  (Erwin, 
1979).  These  large  gulls  are  potential  predators  of  young  plovers 
and  their  presence  may  cause  plovers  to  abandon  former  nesting 
areas  (U.S.  Fish  and  Wildlife  Service,  1979;  Cartar,  1976). 
During  the  intensive  nesting  survey  of  1986,  K.  Terwilliger  found 
that  of  30  plover  nests  located  on  seven  miles  of  Metomkin  Island, 
only  two  were  located  along  the  two  mile  stretch  occupied  by  an 
expanding  gull  colony.  Only  a  careful  population  survey  with 
multiple  visits  can  document  the  full  effect  of  the  gull 
population  on  the  nesting  Piping  Plovers. 
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Breeding  Bird  Survey  data  indicate  that  Virginia's 
loggerhead  shrike  populations  declined  substantially 
between  1968  and  1983.  Similarly,  distribution  re¬ 
cords  and  field  searches  indicated  that  formerly  oc¬ 
cupied  breeding  areas  have  become  vacant.  The 
decline  in  Virginia  was  coincident  with  declines  over 
a  large  portion  of  the  species'  range.  These  findings 
suggest  that  loggerhead  shrikes  in  Virginia  should 
be  given  Threatened  or  Endangered  status  as  defined 
by  state  and  federal  legislation. 


INTRODUCTION 

The  loggerhead  shrike  ( Lanius  ludovicianus  Linnaeus)  once 
was  relatively  common  throughout  much  of  the  United  States, 
southern  Canada,  and  Mexico  (Miller,  1931;  Bent,  1950; 
Morrison,  1981).  Recently,  however,  United  States  and  Canadian 
populations  have  undergone  substantial  declines  (Fraser  and 
Luukkonen,  1986).  Breeding  Bird  Surveys  and  Christmas  Bird 
Counts  have  provided  the  best  quantitative  evidence  of  these 
declines  (Bystrak,  1981;  Morrison,  1981);  the  opinions  of  local 
experts,  summarized  in  The  Blue  List  (Tate,  1986),  support  these 
results.  Proposed  explanations  for  the  decline  include  loss 
of  habitat,  pesticide  contamination,  disease  and  competition 
with  Starlings  ( Sturnus  vulgaris )  and  American  kestrels  ( Falco 
sparverius )  (Graber  et  al.,  1973;  Anderson  and  Duzan,  1978; 
Kridelbaugh,  1982;  1983;  Cadman,  1985;  Cely  and  Corontzes, 
1986;  Legrand,  1986).  Bibby  (1973)  suggested  that  climatic 
changes  may  be  responsible  for  the  decline  of  the  similar 
European  red-backed  shrike  ( Lanius  collurio )  .  While  many  hy¬ 
potheses  have  been  proposed,  few  data  are  available  to  test 
their  validity. 

Determining  the  reasons  for  the  shrike  decline  will  re¬ 
quire  an  improved  understanding  of  shrike  life  history,  popu¬ 
lation  parameters,  and  habitat  requirements  in  declining  and 
stable  populations.  Milburn  (1981)  wrote  that:  "Support  should 
be  given  to  future  research  on  the  cause  of  the  decline  of  the 
loggerhead  shrike.  So  little  is  known  about  the  behavior, 
ecology,  and  habitat  requirements  of  the  bird  in  the  east  that 
a  conservation  effort  designed  to  reverse  its  decline  would  have 
little  chance  of  success."  After  summarizing  the  status  of  the 
shrike  in  the  Northeastern  United  States,  Milburn  (1981)  re¬ 
ported  that  Virginia  is  the  last  Northeastern  state  that  sup¬ 
ports  a  shrike  population  large  enough  to  permit  useful  study. 
Thus,  Virginia  made  an  ideal  area  to  study  this  species.  The 
overall  objective  of  our  shrike  research  program  is  to  discover 
the  cause  of  the  loggerhead  shrike  decline  and  to  develop  a 
management  program  that  will  protect  the  species  from  ex¬ 
tinction.  This  paper  summarizes  the  results  of  our  status 
survey  of  Virginia's  loggerhead  shrikes. 
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METHODS 

We  used  several  sources  to  locate  shrikes  in  Virginia. 
Notices  were  published  in  state  ornithological  newsletters  re¬ 
questing  reports  of  shrikes.  We  used  banding  records,  Breeding 
Bird  Survey  records,  Christmas  Bird  Count  records,  museum  re¬ 
cords,  and  other  literature  to  supplement  the  survey.  The  U.S. 
Fish  and  Wildlife  Service  (FWS)  provided  banding  records  and 
Breeding  Bird  Survey  records.  Christmas  bird  count  records  were 
taken  from  Milburn  (1981)  and  the  Virginia  Society  of 
Ornithology's  journal,  The  Raven .  We  requested  information 
about  shrike  study  skins  and  eggs  from  museums  suggested  by  Kiff 
(1979). 

Many  sources  provided  only  general  descriptions  of  the 
locality  of  sightings.  Therefore,  we  summarized  distribution 
information  by  county  or  independent  city.  When  records  did 
not  specifically  report  county  information,  the  record  was  as¬ 
signed  to  the  most  probable  county.  For  example,  the  breeding 
bird  survey  records  contain  the  starting  point  for  a  route  and 
not  the  coordinates  where  birds  were  sighted.  Some  routes  cross 
county  boundaries,  thus  we  assigned  these  sightings  to  the 
county  where  the  route  originated. 

Breeding  records  were  considered  confirmed  records  when 
nests  or  young  were  observed  and  potential  records  when  single 
birds  or  pairs  were  sighted  from  April-August.  Shrike  sightings 
before  1980  were  designated  "historical"  sightings  and 
sightings  from  the  1980  through  1986  were  designated  "recent." 
Historical  and  recent  winter  shrike  distributions  were  mapped 
similarly  using  shrike  sightings  from  November  through  Febru¬ 
ary.  Sightings  during  March,  September,  and  October  could  in¬ 
clude  many  migrating  birds  and  were  not  used  to  map 
distributions . 

During  the  1985  field  season,  the  study  team  searched  for 
shrikes  from  April  through  August.  These  searches  were  con¬ 
ducted  at  sites  where  shrikes  were  reported  during  the  present 
and  previous  breeding  seasons.  We  asked  the  person  reporting 
the  sighting  to  lead  field  personnel  to  the  location.  When  this 
was  impossible,  the  person  was  interviewed  and  asked  to  specify 
the  location.  Shrike  searches  were  conducted  within  circles 
with  500  meter  radii  centered  on  the  location  of  the  sighted 
bird.  Shrike  breeding  territories  have  radii  much  smaller  than 
500  meters  (Porter  et  al.,  1975);  therefore,  search  circles  of 
this  size  would  include  the  nests  of  shrikes  sighted  on  terri¬ 
tory.  We  searched  unforested  habitats  within  the  circle  with 
the  aid  of  binoculars  and  spotting  scopes.  When  a  bird  was 
observed,  the  area  was  searched  for  nests.  Searches  lasted 
approximately  1-2  hours  or  until  a  shrike  nest  was  located. 
When  a  search  was  unsuccessful,  we  repeated  the  procedure  se¬ 
veral  times  throughout  the  breeding  season.  We  felt  confident 
that  our  searching  technique  would  locate  nesting  shrikes  in 
the  immediate  area  (200-300  meters  from  the  search  center). 
During  the  1986  field  season,  effort  was  concentrated  in 
Rockingham  and  Augusta  counties.  Breeding  sites  found  during 
1985  were  searched  a  minimum  of  three  times  in  1986.  The  study 
team  searched  additional  locations  where  shrikes  were  reported 
in  1986. 

Shrike  population  trends  were  estimated  using  Breeding 
Bird  Survey  data.  Breeding  Bird  Survey  data  and  statistical 
analyses  were  provided  by  Sam  Droege  of  the  FWS.  We  used  these 
analyses  to  compare  Virginia's  shrike  abundance  and  population 
trend  with  other  states  and  Canadian  provinces.  U.S.  states 
and  Canadian  provinces  were  considered  in  this  comparison  only 
if  data  were  available  for  more  than  ten  routes  per  state  or 
province  (Droege  pers .  comm.,  1986).  Trend  analyses  and  abun¬ 
dance  calculations  follow  the  methods  presented  by  Geissler  and 
Noon,  (1981).  A  less  technical  description  of  statistical 
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methods  is  provided  by  Robbins  et  al.,  (1986:13).  Shrike 
abundances  were  calculated  by  pooling  data  for  all  years  of  the 
survey . 


RESULTS 


DISTRIBUTION 

We  obtained  111  confirmed  breeding  records  (38  historical 
and  73  recent)  in  26  of  95  Virginia's  counties  and  seven  of 
Virginia's  38  independent  cities.  An  additional  28  counties 
and  five  independent  cities  contained  potential  breeding  re¬ 
cords  only  (Fig.  1).  We  obtained  148  historical  potential 
breeding  records  and  54  recent  potential  breeding  records. 
Twenty-one  of  46  (45.6%)  counties  and  eight  of  11  (72.7%)  in¬ 
dependent  cities  with  one  or  more  historical  breeding  records 
had  no  recent  breeding  records;  however,  the  locations  of  recent 
records  were  widely  distributed  (Fig.  2).  Eight  counties  and 
one  independent  city  without  historical  breeding  records  con¬ 
tained  recent  records. 

We  located  winter  records  from  50  counties  and  five  inde¬ 
pendent  cities  (Fig  3).  Twenty-four  of  45  (53.3%)  counties  and 
four  of  five  (80%)  independent  cities  with  historical  records 
did  not  have  recent  records  (Fig  3).  Five  counties  with  recent 
winter  records  did  not  contain  historical  records. 

FIELD  SEARCHES 

Between  1  April  1985  and  13  July  1985  we  searched  32  lo¬ 
cations.  We  considered  searches  successful  if  one  or  more 
shrikes  were  observed.  Overall  searching  success  was  59.4%; 
however,  search  success  differed  between  areas  where  shrikes 
were  reported  during  the  field  season  ( success=76 . 2% ,  N=21) 

versus  reports  from  previous  years  ( success=27 . 3% ,  N=ll; 
X2=7.16;  df=l;  p=0.007).  Sixty-eight  percent  of  22  sites  oc¬ 
cupied  in  1985  were  reoccupied  in  1986.  The  reoccupancy  rate 
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Figure  1. 

L°g§erhead  shrike  breeding  range  in  Virginia.  Solid  shading  represents 
counties  and  independent  cities  with  confirmed  breeding  records.  Areas  with 
horizontal  ruling  contain  potential  breeding  records  only. 
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Figure  2. 

Historical  and  recent  breeding  range  in  Virginia.  The  upper  map  represents 
data  for  pre-1980  breeding  seasons  and  the  lower  map  represents  data  for 
the  1980-86  breeding  seasons.  Shaded  areas  represent  counties  with  con¬ 
firmed  or  potential  breeding  records. 


we  observed  did  not  differ  significantly  from  the  rate  of  54% 
(N=28)  reported  by  Kridelbaugh  (1982)  for  a  Missouri  population 
(x2= 1 . 096 ;  df = 1 ;  p=0.295). 

The  majority  of  recent  sightings  came  from  Augusta  and 
Rockingham  counties  and  intensive  field  work  was  concentrated 
there  in  1986.  Volunteers  from  the  Rockingham  and  Augusta  bird 
clubs  contributed  a  great  deal  of  time  searching  during  1985 
and  1986,  which  may  account  for  the  greater  numbers  of  recent 
sightings  there.  We  observed  49  breeding  areas  distributed  over 
Augusta,  Bath,  Highland,  Lunenburg,  Montgomery,  Rockingham, 
Shenandoah,  and  Warren  counties.  Most  (81.6%)  were  in  Augusta, 
Rockingham,  and  Shenandoah  counties. 

The  population  in  the  Shenandoah  Valley  was  at  a  high 
enough  density  to  permit  detailed  observations  at  nest  sites. 
One  field  worker  could  visit  the  breeding  locations  we  observed 
in  Augusta,  Rockingham,  and  Shenandoah  counties  in  three  days 
or  less. 
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Figure  3. 

Historical  and  recent  winter  range  in  Virginia.  The  upper  map  represents 
data  for  winters  prior  to  1980  and  the  lower  map  represents  data  for  the 
winters  1980-81  through  1985-86.  Shaded  areas  represent  counties  where 
shrikes  were  observed. 


POPULATION  TRENDS 

The  number  of  shrikes  counted  per  Virginia  Breeding  Bird 
Survey  route  declined  significantly  between  1968  and  1983  (Fig. 
4).  The  FWS  fit  a  logarithmic  equation  to  Breeding  Bird  Survey 
data  between  1966  and  1985  and  found  a  significant  decline  in 
Virginia  (p  <  0.01).  They  estimated  that  shrikes  have  declined 
at  a  rate  of  10.0%  per  year. 

Twenty-nine  of  the  32  U.S.  and  Canadian  political  regions 
that  we  considered  in  the  comparison  showed  declining  popu¬ 
lation  trends  (Fig.  5).  All  regions  with  significant  (p  <  0.01) 
trends  showed  declines  and  the  overall  continental  trend  showed 
a  significant  3.7%  yearly  decline  (p  <  0.01).  Compared  to  other 
U.S.  states  and  Canadian  provinces,  Virginia  supports  a  rela¬ 
tively  low  density  breeding  population  that  is  declining  rap¬ 
idly  (Fig.  5).  Many  of  the  Northeastern  and  Midwestern  states 
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Figure  4. 

Loggerhead  shrike  population  trend  in  Virginia.  The  line  represents  the 
least-squares  equation  fit  to  yearly  Breeding  Bird  Survey  count  averages. 


had  too  few  shrikes  to  be  accurately  censused  by  the  Breeding 
Bird  Survey.  The  trend  in  North  Carolina  was  similar  to  that 
in  Virginia  and  the  rate  of  decline  in  the  Southeast  coastal 
states  appears  to  be  most  severe  at  northern  latitudes  (Fig. 
6). 


DISCUSSION 

The  loggerhead  shrike  is  a  widespread  but  rare  year-round 
resident  of  Virginia;  however,  some  breeding  individuals  may 
be  migratory  and  some  winter  birds  may  migrate  into  Virginia 
from  northern  breeding  areas.  Based  on  Miller's  (1931)  range 
criteria,  the  Ridge  and  Valley  province  of  Virginia  lies  in  a 
region  of  overlap  between  the  migrating  (L^_  1_^_  mierans  Palmer) 
and  non-migrating  (L^  1_^  ludovicianus )  subspecies.  Both  sub¬ 
species  and  intermediate  forms  may  breed  in  the  Ridge  and  Valley 
province;  only  k  ludovicianus  breeds  in  the  Piedmont  and 
Coastal  Plain  regions.  Both  subspecies  also  may  be  winter 
residents  in  Virginia.  One  hatch-year  shrike  banded  in  Quebec 
during  August  1945  was  recovered  in  Virginia  during  February 
1946  (Burnside,  1977).  One  shrike  banded  near  Blacksburg  spent 
the  winters  of  1984-85  and  1985-86  near  the  breeding  site. 
Shrikes  also  were  observed  during  the  winters  of  1985-86  and 
1986-87  near  breeding  sites  located  in  the  Shenandoah  Valley 
region  (Finnegan  pers .  comm.,  1986). 

The  delineation  of  the  subspecies'  ranges  in  Virginia  may 
have  important  management  implications;  the  FWS  considers  the 
more  northern  migrant  subspecies  to  be  most  threatened  (Dodd 
et  al.  1985).  Breeding  Bird  Survey  data  indicate  that  the 
shrike  decline  is  occurring  over  a  large  portion  of  both  sub¬ 
species'  ranges.  .  Most  of  the  Northeastern  states  support  too 
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Figure  5. 

Regional  shrike  abundance  and  population  trends.  Data  are  from  North 
American  Breeding  Bird  Surveys  between  1966  and  1985.  Open  circles 
represent  non-significant  trends  and  closed  circles  represent  significant 
trends  (p  <  0.01).  Two  letter  abbreviations  are  U.S.  states  and  three  letter 
abbreviations  are  Canadian  provinces. 
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Figure  6. 

Population  trends  in  Southeast  coastal  states.  Abbreviations  indicate  state. 
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few  shrikes  to  make  intensive  research  feasible  (Milburn,  1981; 
Novak  pers .  comm.,  1986)  and  the  Canadian  provinces  support 
sparse  populations  that  are  declining  rapidly.  The  low  numbers 
in  the  Northeast  and  Midwest  and  the  pattern  of  decline  along 
the  Southeast  coast  suggest  that,  in  the  northeastern  United 
States,  the  decline  has  proceeded  from  north  to  south.  Thus, 
while  the  migrant  subspecies  should  receive  top  priority,  other 
subspecies  have  declined  rapidly  and  should  also  be  considered 
for  Threatened  status.  The  loss  of  occupied  sites  and  the  rapid 
decline  shown  by  the  Breeding  Bird  Survey  data  throughout  the 
state  suggests  that  the  shrike  soon  may  be  extirpated  in 
Virginia.  Thus,  we  believe  that  both  L^  ludovicianus  and 
L .  1 .  mierans  should  be  considered  Threatened  or  Endangered  in 

Virginia.  More  information  is  needed  before  other  management 
actions  are  begun. 

Changed  land-use  practices  have  probably  negatively  im¬ 
pacted  shrike  populations  in  Virginia  (Luukkonen,  1987);  how¬ 
ever,  an  improved  understanding  of  the  causes  of  decline  are 
needed  before  efficient  management  practices  can  be  recom¬ 
mended.  Coordinated  studies  of  shrike  population  parameters 
and  habitat  use  in  stable  and  declining  populations  would  pro¬ 
vide  the  information  neccessary  to  develop  management  strate¬ 
gies  to  reverse  or  stop  current  declines. 
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ABSTRACT 

The  threatened  subspecies  of  the  southeastern  shrew,  Sorex 
longirostris  f isher i ,  is  endemic  to  the  Great  Dismal  Swamp  of 
southeastern  Virginia.  Previous  studies  based  on  discriminant 
analysis  of  external  measurements  determined  that  intergrades 
with  the  upland  form,  Sorex  1 .  longirostris ,  exist  along  the 
periphery  of  the  Swamp.  To  better  discriminate  among  these 
populations,  a  study  of  cranial  morphology  was  initiated.  Fifteen 
cranial  measurements  were  taken,  using  59  specimens  of  Sorex 
collected  previously  from  southeastern  Virginia,  including  the 
Dismal  Swamp.  Both  Principal  Component  and  Cluster  Analyses 
revealed  no  significant  cranial  variation  or  morphometric 
patterns  within  the  specimens  examined,  but  a  continuum  of 
increasing  overall  cranial  size  does  exist.  Animals  collected 
farthest  from  the  Swamp  (5L  iU  longirostris)  have  small  skulls, 
animals  taken  within  the  Swamp  (S.  1 .  f isheri )  have  the  largest 
skulls,  and  at  locations  between  these  forms,  animals  showed 
intermediate  skull  size. 


INTRODUCTION 

The  Great  Dismal  Swamp,  an  approximately  85,000  ha  forested  wetland  on 
the  coastal  plain  of  southeastern  Virginia  and  northeastern  North  Carolina, 
has  several  distinctive  mammals.  One  of  them,  a  long-tailed  shrew,  was 
first  collected  in  1895  by  A.  K.  Fisher  (Handley,  1979),  who  with  his 
colleagues  conducted  extensive  trapping  in  the  Swamp  under  the  auspices  of 
the  Bureau  of  Biological  Surveys.  Merriam  (1895)  named  Fisher's  shrew  a 
new  species,  Sorex  f isheri ,  based  on  its  large  size  and  dull  coloration. 
Later,  Jackson  (1928),  in  his  revision  of  the  genus,  considered  "fisheri" 
to  be  a  subspecies  of  Sorex  longirostris ,  and  it  retains  this  status  today. 
After  1895,  a  few  more  specimens  of  ^  h  fisheri  were  taken,  mostly  around 
the  turn  of  the  century,  plus  one  specimen  collected  near  Wallaceton  in 
1953  by  C.  0.  Handley,  Jr.  (Handley,  1979),  making  a  total  of  about  20 
specimens  of  this  rare  endemic  shrew  until  this  decade. 

During  the  period  1980  to  1982,  Rose  and  Everton  (Rose,  1983) 
collected  122  measurable  Sorex  longirostris  from  a  range  of  habitats  in 
southeastern  Virginia.  Using  Discriminant  Function  Analysis,  these 
specimens  were  classified  as  belonging  to  either  subspecies,  or  as 
intermediates.  A  distinct  spatial  pattern  resulted  from  the  analysis,  with 
the  largest  Sorex  specimens  found  within  the  Swamp,  intermediate  sizes 
along  the  periphery,  and  small  specimens  at  locations  farthest  from  the 
Swamp.  This  finding,  which  suggests  that  the  upland  "longirostris"  is 
interbreeding  with  "fisheri"  from  the  Swamp,  at  least  at  the  periphery  of 
the  Dismal  Swamp,  was  a  major  reason  for  declaring  the  taxon  to  be 
"threatened. " 

Merriam  (1895)  used  body  size  and  coloration  to  distinguish  "fisheri" 
from  other  Sorex.  Later,  Jackson  (1928)  and  other  workers  have  used  cranial 
and  related  morphological  features  to  classify  it  as  a  subspecies  of  S. 
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longirostris.  Despite  the  fact  that  taxonomists  rely  heavily  on  "hard" 
morphological  characters,  such  as  cranial  (or  skull)  information,  there  is 
a  correlation  in  mammals  between  skull  and  body  size.  Thus,  Rose  (1983) 
placed  individual  specimens  into  one  of  three  groups  ("fisheri," 
"longirostris,"  or  intermediate)  based  on  the  discriminant  analysis  of  the 
external  measurements.  It  is  noteworthy  that  subspecies,  especially 
parapatric  ones,  are  rarely  so  different  in  size  as  are  these  two 
subspecies  of  longirostris,  thus  making  it  possible  to  use  body  length 
as  a  distinguishing  criterion. 

The  objective  of  this  study  was  to  determine  whether  populations  of  ^ 
1 .  fisheri  and  ^  1^  longirostris  could  be  distinguished  by  morphometric 
patterns  of  the  skull.  Such  patterns  would  lend  support  to  the  value  of 
the  body  length  criterion  of  identification. 

METHODS 

Of  the  122  specimens  of  Sorex  collected  by  Rose  (1983),  only  59  skulls 
were  suitable  for  measurement.  Fifteen  morphological  characters  were 
measured  (Fig.  1),  using  procedures  similar  to  Van  Zyll  de  Jong  (1980),  who 
compared  morphological  characters  in  two  subspecies  of  Sorex  cinereus. 
Measurements  were  made  on  a  Wild  M8  Zoom  Stereomicroscope,  using  an 
attached  Wild  MMS  225  Digital  Length-Measuring  Set.  With  this  method, 
each  skull  is  placed  on  a  microscope  platform,  and  then  pointers  in  the 


Figure  1. 

Cranial  measurements  of  Sorex  longirostris :  1,  greatest  length  of  skull;  2, 
width  of  cranium;  3,  maxillary  width;  7,  width  across  molar2-molar2;  8, 
length  of  upper  unicuspid  toothrow;  9,  premolar4-molar3  length;  10,  cranial 
depth;  11,  length  of  mandible;  12,  height  of  coronoid  process;  13,  coronoid 
process-condyle  length;  14,  length  of  mandibular  toothrow;  15,  length  of 
lower  incisor.  (Modified  from  C.  G.  van  Zyll  de  Jong,  1980). 


THE  IDENTIFICATION  OF  THREATENED  SOUTHEASTERN  SHREW  353 


microscopic  field  are  adjusted,  for  example,  to  measure  the  greatest  length 
of  skull.  A  digital  reading  of  the  distance  between  the  pointers  is 
obtained  directly,  and  the  next  variable  is  measured  in  turn. 

Results  were  referenced  to  the  21  grid  locations  from  which  Sorex 
specimens  were  collected  by  Rose  (1983)  and  Everton  (1985). 

RESULTS 

Principal  Component  Analysis  of  the  cranial  data  revealed  no  distinct 
morphological  patterns  within  the  specimens  examined.  Principal  Component 
1,  a  component  reflecting  overall  skull  size,  explained  34%  of  the 
variation.  Principal  Component  2,  attributed  to  lower  incisor  length  (a 
highly  variable  and  more  qualitative  measurement),  explained  11%  of  the 
variation.  The  remaining  PC's  each  explained  less  than  1?  of  the  variation 
in  skull  shape. 

Skull  size  was  found  to  be  largest  from  specimens  collected  in  the 
Swamp  and  smallest  for  animals  collected  away  from  the  Swamp,  with 
intermediate  values  for  populations  bordering  the  Swamp.  The  geographic 
distribution  of  individuals  and  their  associated  PCI  scores  (Fig.  2) 
revealed  a  definite  trend  in  skull  size  from  smaller  to  larger  size  for 
populations  as  they  approached  the  Swamp.  The  smallest  skull  examined 
(n=1)  represents  the  upland  form,  S^  1^  longirostris ,  with  a  mean  PCI  score 
of  -5.6.  It  was  taken  on  Grid  34,  located  approximately  30  km  east  of  the 
Swamp.  The  two  specimens  from  Grid  39  (60  km  northwest  of  the  Swamp),  with 
a  mean  score  of  -4.1,  also  represent  "longirostris."  Within  the  Swamp,  PC 
values  from  specimens  taken  from  Grids  2  (n=7)  and  16  (n=1)  represent 
larger  skulls  and  consequently  larger  animals,  with  PCI  scores  of  1.6  and 
3-7,  respectively.  These  represent  populations  of  the  larger  subspecies, 
Sorex  1.  f isheri.  Along  the  periphery  of  the  Swamp,  intermediate  scores 
were  obtained.  For  example,  Grids  11  (n=12)  and  36  (n=1),  having  PCI 
scores  of  -0.1  and  -0.9,  represent  populations  which  have  individuals  that 
resemble  S^  ;u  1  ongirostris ,  Sorex  1 .  f  isheri ,  as  well  as  possible 
intergrades . 

Cluster  Analysis  of  cranial  measurements  revealed  three  distinct 
groupings,  based  on  overall  size  of  skull  (Fig.  3).  Of  the  29  specimens 
grouped  in  the  "Swamp"  cluster,  17  were  collected  from  seven  grids  within 
the  Dismal  Swamp;  the  remaining  12  came  from  three  grids  adjacent  to  the 
Swamp  (Grids  9,11  and  14,  Figure  2).  Specimens  grouped  as  intermediate 
populations  of  Sorex  (n=22)  came  from  nine  grids,  of  which  three  were 
located  within  the  Swamp  (Grids  2,  5,  and  21).  The  remaining  8  specimens, 
none  collected  within  the  Dismal  Swamp,  were  identified  as  upland  forms  by 
the  cluster  analysis.  Specimens  from  Grids  11  and  14,  located  along  the 
western  boundary  of  the  Swamp,  fell  into  all  three  groups. 

DISCUSSION 

Although  no  significant  morphological  pattern  was  found  between  the 
two  subspecies  in  regard  to  the  shape  of  the  skull,  both  PCA  and  Cluster 
Analysis  revealed  a  pattern  of  geographic  distribution  based  on  the 
overall  size  of  the  skull:  large,  or  Swamp;  small,  or  upland;  and 
intermediate.  Generally,  large  skulls  were  lumped  with  other  large  skulls. 
However,  not  all  large  skulls  were  from  specimens  taken  from  the  Dismal 
Swamp.  Some  specimens  were  from  grids  on  the  margin  of  the  Swamp,  and  some 
were  from  grids  far  from  the  Swamp.  Similarly,  for  the  upland  group,  some 
specimens  came  from  two  grids  along  the  periphery  of  the  Swamp.  Specimens 
from  the  intermediate  group  were  mostly  from  the  peripheral  or  distant 
grids,  with  only  three  specimens  from  Swamp  grids  (all  located  on  a 
powerline  right  of  way  near  the  northwestern  corner  of  the  Swamp). 
Because  this  right  of  way  is  maintained  in  an  early  successional  stage  and 
may  provide  a  corridor  for  the  upland  forms  to  enter  and  breed  with 
"fisheri,  the  presence  of  intermediate  forms  there  is  not  unexpected.  The 
observation  that  some  individuals  of  large  skull  size  occur  far  from  the 
Swamp  proper  may  be  attributed  to  remnant  "fisheri"  populations  persisting 
along  the  drainages  of  the  Dismal  Swamp.  The  historical  Dismal  Swamp 
probably  had  projections  into  Cypress  and  Moss  Swamps,  which  drain  into  the 
Dismal  Swamp  from  the  west,  and  the  Northwest  River  drainage,  which 
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Figure  2. 

Map  showing  the  locations  of  grids  of  capture  for  the  three  groups  of  Sorex 
used  in  the  analysis.  Table  values  are  the  mean  scores  (x)  of  Principal 
Component  1  for  the  animals  from  each  grid. 


THE  IDENTIFICATION  OF  THREATENED  SOUTHEASTERN  SHREW  355 


Flexible-Beta  Distance 


3 


Figure  3. 

Results  of  the  Flexible-Beta  Cluster  Analysis  of  Sorex  populations  using  skull 
components.  The  observations  used  in  the  analysis  are  indicated  by  grid  of 
capture. 


receives  Swamp  water  from  the  east.  Presently,  the  Great  Dismal  Swamp 
National  Wildlife  Refuge  encompasses  much,  but  certainly  not  all,  of  the 
forested  communities  associated  with  the  historical  Dismal  Swamp. 

Thus  there  is  a  pattern,  also  seen  with  overall  length  (Rose  et  al., 
1987),  for  the  shrews  with  the  largest  skulls  to  be  found  in  the  Dismal 
Swamp  and  the  shrews  with  the  smallest  skulls  to  be  found  at  greatest 
distances  from  the  Swamp.  The  finding  that  populations  of  Sorex  within  the 
Swamp  consist  of  animals  of  large  overall  size  supports  the  previous  work 
identifying  Sorex  1 .  fisheri  as  being  large  and  limited  in  distribution  to 
the  Dismal  Swamp  (Handley  and  Patton  1947,  Jackson  1928),  whereas 
populations  along  the  periphery  of  the  Swamp  are  composed  of  individuals 
having  large,  small,  and  intermediate  size  classes  (Rose,  1983). 
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Whether  "fisheri"  can  continue  to  exist  as  a  distinct  subspecies  in 
the  Dismal  Swamp  is  unknown.  The  presence  of  populations  of  intermediate 
size  (intergrades?)  along  the  periphery  of  the  Swamp  is  alarming  and  a 
source  of  concern.  The  presence  of  the  upland  subspecies  in  close 
proximity  poses  a  threat  to  the  Swamp  subspecies,  particularly  so  if 
conditions  may  allow  S^  1_^  longirostris  to  invade  the  Swamp  proper. 

Based  on  our  present  understanding,  intermediate  forms  are  limited  to 
the  Suffolk  Escarpment,  a  Pleistocene  marine  deposit  which  forms  the 
western  boundary  of  the  Swamp,  and  the  powerline  right  of  way  located  along 
the  northern  boundary  of  the  Swamp.  This  suggests  that  any  breech  along 
the  western  section  of  the  Refuge  may  initiate  an  invasion  of 
"longirostris"  into  the  interior  of  the  Swamp.  Aided  by  the  long-term 
drying  trend  of  the  Swamp,  due  mainly  to  extensive  ditching  and  logging 
practices  of  the  past,  the  upland  forms  may  indeed  establish  a  foothold 
in  the  Dismal  Swamp. 

If  there  is  significant  interbreeding  between  the  upland  and  Swamp 
subspecies,  this  is  a  genetic  problem  and  can  be  most  readily  answered 
using  genetic  analysis.  However,  shrews  in  the  genus  Sorex  in  general,  and 
S.  longirostris  in  particular,  lack  substantial  genetic  variation  (Tolliver 
and  Robbins,  1987).  This  makes  the  technique  of  electrophoresis  (which  can 
use  tissues  from  dead  specimens)  impossible  to  use  in  distinguishing  among 
individuals  of  the  Swamp,  upland,  or  intergrade  types.  Techniques  that 
might  provide  the  answers  we  seek,  particularly  chromosome  banding  and 
mitochondrial  DNA,  require  live  animals,  unobtainable  with  present 
techniques.  Scarcely  any  specimens  of  S^  longirostris  have  been  seen 
alive;  most  were  dug  out  of  nests  in  rotting  logs  or  caught  by  hand. 
Until  some  method  is  devised  to  collect  a  few  dozen  live  southeastern 
shrews,  we  will  have  to  continue  studying  them  using  these  indirect  means. 
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ABSTRACT 

The  Dismal  Swamp  southeastern  shrew,  Sorex  longirostris  fisheri, 
was  given  "Threatened"  status  by  the  U.S.  Fish  and  Wildlife 
Service  in  1986  because  of  its  limited  distribution  and  the 
potential  threat  of  interbreeding  with  the  nearby  upland 
subspecies,  Sorex  1 .  longirostris.  Known  from  about  20 
specimens  collected  before  1980  and  a  few  dozen  taken  since  then, 
"fisheri"  seems  to  have  morphologically  diverged  from  the  smaller 
upland  "longirostris"  in  association  with  the  development  of  the 
Dismal  Swamp.  The  detection  of  southeastern  shrews  that  are 
intermediate  in  size  between  the  two  subspecies,  coupled  with  the 
location  of  these  collection  sites  on  the  margins  of  the  Dismal 
Swamp,  suggests  that  the  two  subspecies  might  be  interbreeding. 

If  the  drying  trend  now  occurring  in  the  Dismal  Swamp  continues, 
the  possibility  exists  that  the  upland  form  could  invade  all 
habitats  in  the  Dismal  Swamp,  interbreeding  with  "fisheri"  as  it 
does.  If  this  were  to  happen,  the  less  common  "fisheri"  would 
face  the  real  possibility  of  extinction  by  having  its  genome 
genetically  swamped  by  the  numerically  dominant  "longirostris." 

INTRODUCTION 

The  Dismal  Swamp  southeastern  shrew,  Sorex  1 ongirostris  fisheri 
Merriam,  designated  as  "Threatened"  by  the  U.  S.  Fish  and  Wildlife  Service 
since  the  publication  of  the  26  September  1986  Federal  Register  (Vol.  51 
No.  287),  is  Virginia's  newest  protected  mammal.  Believed  to  be 
restricted  to  the  vicinity  of  the  Great  Dismal  Swamp  of  Virginia  and  North 
Carolina,  this  small  shrew  weighs  about  5  g,  measures  90-105  mm,  and  is 
about  20?  larger  than  the  upland  subspecies,  Sorex  1 .  longirostris  Bachman, 
which  occurs  in  upland  habitats  near  the  Dismal  Swamp  and  more  widely 
throughout  the  Southeast. 

The  Dismal  Swamp  southeastern  shrew  was  named  after  its  discoverer,  A. 
K.  Fisher,  who  collected  the  first  specimens  in  the  Dismal  Swamp  in  1895. 
Commenting  on  its  large  size,  he  sent  the  specimens  to  C.  H.  Merriam,  who 
promptly  named  it  Sorex  fisheri  (Merriam,  1895).  Its  taxonomic  status  was 
reduced  to  subspecies  in  the  revision  of  Jackson  (1928),  and  this  status 
has  remained  with  later  revisions  of  the  genus.  A  few  more  specimens  were 
obtained  by  Fisher's  colleagues  later  in  the  l890's  and  before  1905,  and 
C.  0.  Handley,  Jr.  collected  one  specimen  near  Wallaceton  in  1953,  making  a 
total  of  about  20  specimens.  Then  in  late  winter  and  early  spring  of  1980, 
Rose  (Rose,  1981)  collected  15  Sorex  longirostris  using  pitfall  traps 
placed  in  a  40-m  wide  powerline  right  of  way  in  the  northwestern  corner  of 
the  Great  Dismal  Swamp  National  Wildlife  Refuge  (GDSNWR)  in  Suffolk, 
Virginia.  With  a  mean  length  of  95.8  +  2.3  mm,  these  15  southeastern 
shrews  clearly  seemed  to  be  referrable  to  the  "fisheri"  group.  In  1981, 
the  Office  of  Endangered  Species  of  the  U.S.  Fish  and  Wildlife  Service 
funded  a  one-year  study  of  the  Dismal  swamp  southeastern  shrew  and  of  the 
Dismal  Swamp  southern  bog  lemming,  Synaptomys  cooperi  he  1  a  1 etes .  The 
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results  of  that  study,  reported  here,  provided  the  needed  information  for 
the  designation  of  "Threatened"  for  the  southeastern  shrew.  (S^  c. 
helaletes,  another  subspecies  restricted  to  the  vicinity  of  the  Dismal 
Swamp,  was  found  to  occur  in  a  wide  range  of  habitats  over  a  large  area, 
and  because  its  closest  relatives  are  in  the  mountains  of  western  Virginia, 
it  is  not  a  candidate  for  federal  or  state  protection  at  this  time.) 

The  objectives  were  to  determine  the  status  and  distribution  of  the 
"fisheri"  subspecies,  using  a  large  number  of  study  plots  centering  on  the 
Dismal  Swamp  but  covering  a  wide  area  in  southeastern  Virginia.  We 
collected  140  Sorex  longirostris  from  28  of  37  study  plots,  making  it  the 
most  abundant  and  most  widespread  of  the  10  species  of  small  mammals  that 
were  collected  during  the  20  months  of  study.  However,  many  of  these 
southeastern  shrews  are  clearly  referrable  to  the  smaller  "longirostris" 
subspecies,  whereas  others  were  of  intermediate  size,  suggesting  that  they 
might  be  intergrades  between  the  two  subspecies. 

METHODS 

During  the  period  from  December  1980  to  July  1982,  37  sites  (Fig.  1) 
were  trapped  with  pitfall  traps  to  determine  the  distribution  and  habitats 
of  Sorex  in  the  region.  Pitfall  trapping  was  selected  because  it  is 
especially  effective  in  catching  small  shrews  (Tuttle,  1964;  French,  1980; 
Rose,  1980).  Each  pitfall  trap  consisted  of  a  #10  tin  can  sunk  into  the 
ground  and  half-filled  with  water.  Each  plot  was  0.25  ha,  and  contained  25 
traps,  spaced  at  12.5  m  intervals,  arranged  in  a  5  X  5  grid.  Each  grid  was 
trapped  at  least  three  weeks  and  many  were  trapped  for  months  or,  after  an 
interval,  a  second  time.  Grid  sites  were  selected  to  represent  the  range 
of  habitats  in  the  region,  including  those  known  to  support  Sorex 
populations  as  well  as  habitats  considered  to  be  marginal,  unsuitable,  or 
unknown  for  the  species.  On  21  of  the  37  grids,  habitat  measurements 
were  made  using  a  modified  point-intercept  method  (Muller-Dombois  and 
Ellenberg,  1974:86-89).  Recorded  at  each  trap  location  were  measurements 
of  the  height  of  herbaceous  and  woody  vegetation,  maximum  height  within  2  m 
of  trap,  depth  of  litter,  average  distance  to  forest  edge,  total  numbers  of 
herbaceous  and  woody  contacts,  and  percentages  of  woody  and  herbaceous 
vegetation  at  a  trap  station.  These  measurements  served  to  describe  the 
vegetation  structure  as  well  as  its  composition. 

Sorex  specimens  were  measured  for  total  length,  tail  length,  a 
calculated  body  length  (total  minus  tail),  and  hind  foot  length.  These 
specimens  were  compared,  using  discriminant  function  analysis,  to  specimens 
of  Sorex  1 .  longirostris  and  S^  1^  fisheri  from  the  U.  S.  National  Museum 
and  Virginia  Commonwealth  University  collections.  The  mean  discriminant 
score  for  each  population  (here  a  population  refers  to  animals  taken  from 
the  same  grid)  of  Sorex  was  examined  and  populations  were  classified  as  S^ 
1.  fisheri ,  S.  1 .  longirostris ,  or  intermediate. 

RESULTS  AND  DISCUSSION 

Specimens  of  Sorex  were  taken  on  28  grids,  with  8  grids  yielding  8  to 
17  specimens  and  7  grids  producing  a  single  specimen.  The  140  Sorex 
represented  20.6?  of  the  total  mammals  obtained  with  pitfall  traps  (Everton 
1985).  The  grids  yielding  the  greatest  numbers  of  Sorex  were  pine 
thickets,  a  pine  stand,  a  regenerating  deciduous  forest  stand  10-15  years 
old,  and  2-3  year-old  clearcuts.  Sorex  was  found  throughout  the  study  area 
in  the  entire  range  of  habitats,  and  there  were  no  observed  geographic  or 
habitat  gaps  for  Sorex  (Fig.  1). 

Sorex  was  taken  on  16  of  the  21  measured  grids,  with  87  specimens  from 
59  trap  stations.  The  dominant  tall  vegetation  on  these  grids  was 
comprised  of  loblolly  pine  (Pinus  taeda),  red  maple  (Acer  rubrum),  cane 
(Arundinaria  gigantea),  sweet  gum  (Liquidambar  styracif 1 ua),  and  black  gum 

(Nyssa  syl vati ca ).  Although  highest  densities  were  taken  in  early 
successional  stage  habitats,  Sorex  also  was  found  in  mature  pine  or 
hardwood  forests  and  in  other  habitats  lacking  a  grassy  understory. 

The  122  specimens  of  Sorex  that  could  be  measured  for  total,  tail,  and 
hind  foot  lengths,  and  by  subtraction  body  length,  were  compared  to  six 
specimens  of  S.  1.  fisheri  collected  from  the  Dismal  Swamp  between  1895  and 


360 


THE  VIRGINIA  JOURNAL  OF  SCIENCE 


Figure  1. 

The  numbers  represent  the  27  study  grids  that  yielded  Sorex  longirostris. 
The  lines  enclosing  two  or  more  grid  populations  of  Sorex  1.  fisheri ,  S.  1. 
longirostris ,  and  intermediates  are  based  on  the  results  of  the  discriminant 
analysis. 


1905,  and  one  specimen  collected  in  1953,  all  housed  in  the  U.S.  National 
Museum  of  Natural  History.  They  were  also  compared  to  23  specimens  of  S. 
1.  longirostris  collected  at  various  locations  in  Virginia.  Using  the 
four  external  measurements,  a  step-wise  discriminant  function  analysis  was 
performed  on  the  specimens  of  Sk  1^  fisheri  and  1^  longirostris.  Total 
length  was  the  most  discriminating  variable.  Based  on  the  discriminant 
function  produced,  S^_  1_^  fisheri  had  a  mean  discriminant  score  of  3.135  and 
S.  1 .  longirostris  had  a  mean  discriminant  score  of  -0.8 1 8.  All  (museum) 
specimens  of  ^  h  fisheri  and  all  but  one  specimen  of  L  longirostris 
were  correctly  classified  by  the  discriminant  function. 

The  122  specimens  then  were  classified  based  on  the  discriminant 
function.  The  mean  discriminant  score  and  variance  of  the  Sorex  specimens 
from  each  grid,  plus  those  of  L  fisheri  and  1^  1  ongirostris  from 
museum  collections,  are  shown  in  Fig.  2.  Those  populations  with  means 
above  1.5  were  classified  as  S^l.  fisheri ,  those  between  0.6  and  1.5  were 
classified  as  intermediates,  and  those  below  0.6  were  classified  as  S.  1. 
longirostris .  This  resulted  in  24  animals  from  8  populations  being 
classified  as  "fisheri,"  30  specimens  from  8  populations  as  "longirostris," 
and  68  specimens  from  11  populations  as  intermediate  in  type. 

When  the  locations  of  these  populations  are  plotted  on  a  map  (Fig.  1), 
populations  referrable  to  S.  L  fisheri  tend  to  be  associated  with  the 
Swamp  proper,  with  only  two  populations  located  outside  the  Swamp 
boundaries  (Grids  7  and  33).  Populations  referrable  to  S.  1,  longirostris 
occur  east  and  west  of  the  Swamp,  whereas  those  of  intermediate  type  lie 
along  the  perimeter  or  border  of  the  Swamp.  These  populations  of 
intermediate  type  (hybrids?)  contain  specimens  which  represent  both 
parental  stocks  as  well  as  individuals  that  may  be  hybrids.  An  example  of 
this  occurred  at  Grid  14  where  two  specimens  were  80  and  83  mm,  five  were 
in  the  89-92  mm  range,  and  3  between  97  and  100  mm. 


CURRENT  STATUS  OF  THE  DISMAL  SWAMP  SHREW 


361 


Grid 


Figure  2. 

The  mean  (and  standard  deviations  of)  discriminant  scores  for  museum 
specimens  of  Sore x  longirostris  fisheri  (Slf),  S.  1.  longirostris  (Sll),  and  from 
the  27  grid  populations. 
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Using  only  body  length  measurements,  we  concluded  that  the  Dismal 
Swamp  is  the  focus  of  ^  L  f  isheri ,  that  a  narrow  zone  of  hybridization 
probably  occurs  at  the  edges  of  the  Swamp  (east  and  west),  and  that 
distinctive  populations  of  ^  1^  longirostris  occur  within  20  miles  of  the 
Swamp  border,  such  as  on  Grid  30  where  all  14  specimens  were  classified  as 
the  upland  subspecies. 


CONCLUSIONS  AND  RECOMMENDATIONS 

Because  of  the  potential  for  contact  (and  interbreeding)  with  the 
physically  small  upland  subspecies,  we  tentatively  considered  "fisheri"  to 
be  "threatened."  (The  USFWS  defines  "Threatened"  species  as  "any  species 
which  is  likely  to  become  an  endangered  species  within  the  foreseeable 
future  throughout  all  or  a  significant  portion  of  its  range.")  If  the 
upland  subspecies  is  able  to  move  into  the  Dismal  Swamp  (perhaps  because 
the  habitats  there  are  becoming  more  mesic,  or  less  hydric,  as  the  water 
table  drops),  then  there  is  increased  potential  that  the  two  subspecies 
will  interbreed.  When  this  happens,  there  will  be  gene  flow  into  both 
parental  populations  (subspecies)  as  hybrids  and  backcrosses  are  produced. 
If  widespread,  this  interbreeding  can  result  in  an  alteration  of  the  gene 
pools  of  both  subspecies  in  the  zones  of  contact,  and  the  genetic  integrity 
of  both  subspecies  will  be  altered  and  in  the  extreme  may  even  be  lost. 
This  situation  is  not  serious  if  the  potential  zone  of  contact  is  across  a 
state  or  similarly  large  area,  especially  where  both  subspecies  are  equally 
widespread  and  "fit,"  such  as  where  yellow-shafted  and  red-shafted 
subspecies  of  Northern  Flickers  are  in  contact.  However,  the  population 
biology  of  southeastern  shrews  is  poorly  known,  and  it  is  unclear  what  the 
detrimental  effects  of  interbreeding  might  be.  More  importantly,  S.  1 . 
fisheri  is  a  restricted  subspecies,  found  only  in  the  historic  Dismal 
Swamp,  as  far  as  currently  is  known.  When  a  widespread  (and  therefore 
ecologically  successful)  subspecies  interbreeds  with  a  restricted  (and 
generally  less  versatile  or  successful)  subspecies,  it  is  possible  that  the 
gene  pool  of  the  common  subspecies  will  overwhelm  that  of  the  uncommon 
subspecies  in  the  zone  of  contact.  In  our  example,  if  interbreeding  is 
rampant  throughout  the  Dismal  Swamp,  lj_  fisheri  could  be  entirely 
infused  with  S_^  1^  1  ongirostris  genes.  This  would  be  the  genetic 
equivalent  of  extinction  for  lj_  fisheri. 

Although  we  caught  some  large  Sorex  outside  of  the  Dismal  Swamp  proper 
(today's  Swamp  has  shrunk  dramatically  even  in  this  century),  it  is  not 
clear  to  what  extent  ^  1^  fisheri  has  moved  peripherally  from  the  Swamp, 
or  to  what  extent  S^  1_^  longirostris  may  have  moved  into  the  Swamp.  The 
logical  avenues  for  shrews  in  or  out  of  the  Swamp  are  the  several  roadways 
and  habitat  changes  (by  fire  or  c learcutting)  that  sometimes  occur  along 
the  edges  of  the  Swamp.  With  the  present  drying  trend  in  the  Swamp,  it  is 
more  logical  to  believe  that  "longirostris"  is  moving  into  the  Swamp  than 
that  "fisheri"  is  moving  out  of  the  Swamp.  At  the  present,  the  ideas  that 
roadways  facilitate  the  movement  of  "longirostris"  into  the  Swamp  and  that 
this  upland  subspecies  is  moving  in  (or  "fisheri"  out)  are  merely 
hypotheses  that  need  testing. 

However,  it  is  clear  that  southeastern  shrews  are  able  to  occupy  a 
wide  range  of  habitats  and  therefore  no  critical  habitat  is  recommended. 
In  addition,  the  known  distribution  of  S.  1.  fisheri  is  virtually 
congruent  with  the  boundaries  of  the  GDSNWR.  Therefore,  the  distributional 
range  of  "fisheri"  is  already  under  protection  and  management  of  the  U.S. 
Fish  and  Wildlife  Service.  The  Final  Rule  Action  listing  the  Dismal  Swamp 
southeastern  shrew  concluded  that  "a  determination  of  critical  habitat  is 
not  prudent.  Such  a  determination  would  result  in  no  known  benefit  to  the 
species"  for  the  reasons  given  above  (Federal  Register,  26  September 
1986:34424). 
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ABSTRACT 

Information  reported  here  is  from  several  studies  including  a 
statewide  effort  that  involved  38  Virginia  counties.  The  pygmy  shrew, 
Sorex  hoyi,  reported  from  seven  localities  in  1980,  all  east  of  the 
Blue  Ridge,  has  now  been  captured  statewide  at  elevations  ranging  from 
18  m  to  nearly  1219  m.  It  has  been  collected  in  various  habitat  types 
and  in  association  with  six  other  species  of  soricids,  but  it  is 
apparently  very  uncommon;  21  of  23  collecting  sites  are  represented  by 
a  single  specimen.  The  rock  shrew,  J5.  dispar ,  first  reported  in  1956 
from  the  Mountain  Lake  area  of  Giles  County  is  now  known  from  eight 
additional  localities,  all  in  the  mountains  and  almost  always  in  talus 
areas.  It  was  taken  at  503  m  in  the  Cumberland  Plateau.  The  water 
shrew,  £.  palustris ,  perhaps  the  rarest  mammal  in  Virginia,  has  not 
been  found  at  additional  localities,  but  it  still  exists  along  the 
headwaters  of  Little  Back  Creek  in  Bath  County. 


INTRODUCTION 

At  the  time  of  the  writing  of  the  first  complete  essay  on  the  mammals  of 
Virginia  (Handley  and  Patton,  1947),  the  pygmy  shrew,  Sorex  hoyi  Baird,  was 
known  from  only  two  localities  in  the  Commonwealth.  The  rock  or  long-tailed 
shrew,  S^.  dispar  Batchelder,  was  not  reported  until  about  a  decade  later 
(Handley,  1956),  and  the  water  shrew,  S^.  palustris  Richardson,  not  until  twenty 
years  after  that  (Pagels  and  Tate,  1976).  This  report  summarizes  from  an 
historical  perspective  all  current  knowledge  of  the  distribution  and  ecology  of 
these  species  in  Virginia. 


METHODS  AND  MATERIALS 

Most  of  the  recent  data  resulted  from  a  study  initiated  in  1983  to 
determine  the  distribution  and  ecology  of  all  species  of  shrews  in  Virginia.  In 
brief,  140  localities  in  all  of  Virginia's  physiographic  regions  were  sampled 
with  pitfall  traps  in  the  period  1983  to  1985.  More  than  1500  16  ounce  aluminum 
cans  were  placed  in  one  of  four  major  habitat  types,  old  field,  ecotone,  mixed 
forest  and  hardwood  forest.  More  details  are  given  in  Pagels  and  Handley  (in 
press).  Many  of  the  montane  sites,  in  particular,  were  in  situations  that  were 
further  specialized  as  described  later.  Some  specimens  were  obtained  in  spot 
trapping  completed  after  1985;  for  example,  the  site  in  Bath  County  where  the 
water  shrew  was  first  collected  (Pagels  and  Tate,  1976)  was  resampled  in  summer 
1986.  Bottle  surveys  (Pagels  and  French,  1987)  at  selected  sites  did  not  yield 
any  of  the  species  considered  in  this  report.  Some  additional  records  were 
found  in  museum  collections.  Except  where  otherwise  noted,  all  specimens  are 
deposited  in  the  Virginia  Commonwealth  University  (VCU)  Mammal  Collection;  most 
are  preserved  as  skulls  only. 


VIRGINIA’S  RAREST  SHREWS 


365 


RESULTS  AND  DISCUSSION 


Sorex  hoyi 

Handley  and  Patton  (1947)  reported  the  pygmy  shrew,  S^.  hoyi ,  from  two 
specimens  taken  in  Fairfax  and  Campbell  counties  and  noted  that  it  is  "...one  of 
the  rarest  of  eastern  mammals."  It  was  later  reported  from  five  more 
localities,  two  each  in  the  Piedmont  and  the  Coastal  Plain  and  another  from  west 
of  the  Blue  Ridge  in  Rockbridge  County  (Handley  et  al.,  1980).  The  specimen 
from  Rockbridge  County  has  subsequently  been  determined  to  be  a  juvenile 
southeastern  shrew,  S^.  longirostris  (Pagels  and  Handley,  in  press);  again  there 
was  no  published  record  of  £.  hoyi  from  montane  portions  of  the  Commonwealth. 

Fourteen  specimens  of  the  pygmy  shrew  were  captured  in  the  present  study 
since  1983  and  six  specimens  were  located  in  museums.  These  new  records,  listed 
below,  are  grouped  by  physiographic  region  and  are  plotted  on  Figure  1.  GMU 
indicates  George  Mason  University,  CM  is  Carnegie  Museum,  and  GWNF  is  George 
Washington  National  Forest.  COASTAL  PLAIN.  -  Essex  County :  4.4  mi  NW  Center 

Cross,  37  m,  1.  King  George  County:  1.3  mi  N  Port  Conway  (Rappahannock  River), 
20  m,  1.  PIEDMONT.  -  Campbell  Co.:  1/2  mi  N  Brookneal,  107  m,  5  (CM).  Charlotte 
County :  1.3  mi  W  Phenix,  116  m,  1.  Pittsylvania  County:  1  mi  W  Mount  Airy,  165 
m,  1.  Prince  William  County :  Base  of  Bull  Run  Mountain,  north  of  Haymarket, 
unknown  elev,  1  (GMU).  RIDGE  and  VALLEY.  -  Alleghany  County :  Jerry's  Run,  about 
6  mi  N  Alleghany,  659  m,  1.  Augusta  County :  2.2  mi  W  of  West  Augusta,  640  m,  1. 
Bath  County:  9  mi  SSW  Mountain  Grove  by  Cummings  Run  (Clay  Lick  Hollow),  519  m, 
1.  Highland  County :  2.5  mi  W  McDowell,  732  m,  1;  2  mi  W  of  Hightown,  slope  above 
(W)  Back  Creek,  915  m,  1;  3  mi  W  of  Blue  Grass,  E  of  Straight  Fork  on  Lantz 
Mountain,  1068  m,  1;  Headwaters  of  Newmans  Run,  Laurel  Fork  area  (GWNF),  1098  m, 
1.  Rockbridge  County:  1  mi  E  Buena  Vista,  275  m,  1.  Wythe  County :  Wythe-Bland 
County  line,  4  mi  N  Big  Walker  Lookout,  1204  m,  1.  APPALACHIAN  PLATEAU.  - 
Dickenson  County :  Breaks  Interstate  Park  near  Breaks,  549  m,  1. 

The  site  in  the  Appalachian  Plateau,  at  Breaks  Interstate  Park  in  Dickenson 


o  HANDLEY  &  PATTON,  1947  PYGMY  SHREW 


Figure  1. 

Distribution  of  the  pygmy  shrew,  Sorex  hoyi ,  in  Virginia.  Open  circles 
designate  sites  reported  by  Handley  and  Patton  (1947),  solid  circles  designate 
those  reported  by  Handley  et  al  (1980)  and  triangles  new  locations. 
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County,  is  near  Harlan  and  Letcher  counties  Kentucky,  sites  of  the  first  records 
of  the  pygmy  shrew  from  Kentucky  (Caldwell,  1980).  The  pygmy  shrew  is  not  only 
widely  distributed  geographically,  but  it  also  occurs  at  a  wide  range  of 
elevations  and  in  a  variety  of  habitat  types.  Mean  elevation  of  15  capture 
sites  for  which  elevation  data  are  available  was  534  m,  ranging  from  20  m  at  a 
King  George  County  site  to  1204  m  on  Big  Walker  Mountain  in  Wythe  County. 
Handley  et  al.  (1980)  noted  that  specimens  with  habitat  data  "...available  came 
from  well  drained  sites  —  slopes  or  tops  of  ridges  or  banks  above  streams,  in 
or  under  decaying  logs,  or  in  deep  leaf  litter  in  hardwood  forest  with  little  or 
no  underbrush."  Likewise,  my  new  records  represent  a  broad  expanse  of  cover 
types,  ranging  from  a  fence  row  situation  with  grasses,  goldenrod,  Solidago ,  and 
blackberry.  Rub us ,  as  the  predominant  vegetation  to  a  northern  mixed  forest  of 
yellow  birch,  Betula  lutea ,  red  spruce,  Picea  rubens ,  and  scattered  hemlock, 
Tsuga  canadensis .  Four  of  the  14  specimens  caught  were  in  old  field  and  edge 
situations.  In  general,  these  individuals  were  under  dense  vines  like  Japanese 
honeysuckle,  Lonicera  j  aponica ,  which  usually  offers  100%  cover  to  small 
mammals.  Those  specimens  taken  in  forested  situations,  10  of  14,  were  generally 
taken  under  or  beside  rotting  logs  or  stumps.  Seven  of  the  10  forested  sites 
were  mixed  forests  with  hemlock  as  the  prevalent  evergreen  at  six  of  those. 

Because  of  its  broad  distribution,  it  would  not  be  surprising  to  find  the 
pygmy  shrew  in  association  with  all  other  soricid  species  of  Virginia.  In  the 
present  study  it  was  captured  with  all  species  except  the  southern  short-tailed 
shrew,  Blarina  carolinensis ,  and  the  water  shrew,  Sorex  palustris . 

Perhaps  the  most  intriguing  feature  of  the  pygmy  shrew  is  its  uncommonness 
in  collections,  whether  it  be  the  result  of  actual  low  numbers,  low 
trappability ,  or  most  likely  the  case,  a  combination  of  the  two.  Only  one 
specimen  was  taken  at  21  of  the  23  locations  from  which  it  has  been  collected  in 
Virginia.  There  is  no  other  Virginia  mammal  that  is  known  by  so  few  records 
which  occurs  in  such  a  broad  range  of  habitats  and  that  is  so  broadly  dispersed 
geographically. 

Sorex  dispar 

The  rock  shrew  or  big-tailed  shrew,  S.  dispar,  was  not  found  in  Virginia 
until  relatively  recently  (Handley,  1956;  Holloway,  1957),  at  Mountain  Lake  in 
Giles  County  Later,  Pagels  and  Tate  (1976)  reported  its  capture  at  Little  Back 
Creek  in  Bath  County,  and  subsequently  Handley  (1980a)  reviewed  its  status  in 
Virginia.  Handley  added  an  additional  Bath  County  site  as  well  as  sites  on 
Clinch  Mountain  in  Russell  County  and  Whitetop  Mountain  in  Smyth  County. 
Counting  numerous  localities  in  the  Mountain  Lake  area  as  one,  5  locations  were 
known  for  the  rock  shrew  at  the  time  of  Handley's  (1980a)  account  (Fig.  2). 

In  the  present  study  £.  dispar  was  captured  at  five  widely  scattered 
localities  and  again  at  the  Bath  County  site  of  Pagels  and  Tate  (1976).  These 
sites  are  grouped  below  by  physiographic  region  and  are  plotted  on  Figure  2. 
RIDGE  and  VALLEY,  -  Bland  County :  near  Wythe  County  line,  just  below  (SW)  Big 
Walker  Lookout,  1007  m,  2.  Craig  County :  W  of  New  Castle  off  Potts  Arm  Mountain, 
988  m,  2.  Highland  County:  2.5  mi  W  McDowell,  732  m,  2.  Smyth  County:  Brushy 
Mountain,  0.1  mi  S  Smyth-Tazewell  Counties  line,  946  m,  1.  APPALACHIAN  PLATEAU. 
-  Wise  County :  North  Fork  Pound  Reservoir  at  Phillips  Creek,  503  m,  1. 

The  record  in  the  Appalachian  Plateau  of  Wise  County  is  the  first  for  that 
physiographic  province  in  Virginia.  The  recent  first  Kentucky  record  of  the 
rock  shrew  from  Letcher  County  (Caldwell,  1980)  is  adjacent  to  the  Wise  County 
site.  At  503  m  the  Wise  County  site  is  the  lowest  elevation  at  which  the  rock 
shrew  has  been  taken  anywhere  in  its  geographic  range.  The  mean  elevation  of 
the  10  Virginia  sites,  again  treating  various  Mountain  Lake  sites  (1250  m)  as 
one,  and  including  those  reported  by  Pagels  and  Tate  (1976)  and  Handley  (1980a), 
is  1009  m  (503  m  -  1617  m) .  Not  only  is  S.  dispar  associated  with  high 
elevations  in  general  and  montane  sites  in  particular,  it  is  very  specialized  in 
its  habitat  requirements.  Handley  (1980a)  stated  that  "In  Virginia  the 
big-tailed  shrew  has  been  found  always  in  cool,  moist  cliffs  or  rockslides  in 
northern  hardwood  or  conifer  forests."  Forests  with  talus  as  an  obvious 
component  characterize  all  new  sites  except  that  in  Smyth  County  which  is  a 
disturbed  seep  area  along  a  roadside.  Scattered  large  boulders  there  add  to  the 
horizontal  features  of  the  habitat.  The  rock  shrew  was  found  associated  with 
five  other  species  of  soricids  (Pagels  and  Tate,  1976;  present  study).  It  was 
captured  with  £.  fumeus  at  all  sites,  the  masked  shrew,  cinereus ,  at  most  of 
the  sites,  Blarina  brevicauda  at  three  and  S.  palustris  and  S.  hoyi  at  one  each. 
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Figure  2. 

Distribution  of  the  rock  shrew,  Sorex  dispar ,  and  the  water  shrew,  S. 
palustris ,  in  Virginia.  Half-open  circle  indicates  the  lone  capture  site  of  S. 
palustris  and  where  S.  dispar  was  also  captured  (Pagels  and  Tate,  1976;  this 
study).  Open  circle  around  solid  circle  designates  first  capture  site  of  S. 
dispar  in  Virginia  (Handley,  1956;  Holloway,  1957)  and  other  captures  there 
and  nearby  (Handley,  1980a),  and  solid  circles  indicate  other  localities 
reported  by  Handley  (1980a).  Triangles  designate  new  localities. 


Sorex  palustris 

The  water  shrew,  ^5.  palustris ,  was  also  reported  as  a  potential  Virginia 
species  by  Handley  and  Patton  (1947).  They  noted  that  it  should  be  sought  in 
Virginia  since  it  had  been  taken  in  West  Virginia  only  11  mi  from  Highland 
County  Virginia.  It  has  since  been  collected  at  only  one  site  in  Virginia, 
along  Little  Back  Creek  in  northwestern  Bath  County  (Pagels  and  Tate,  1976).  We 
thought  that  the  area  of  collection  would  be  cleared  and  impounded  as  the  upper 
level  reservoir  for  a  pumped  storage  electrical  generating  facility,  but  when  I 
visited  to  the  site  in  Summer  1985  I  found  that  the  reservoir  begins  about  1  km 
below  the  lower  end  of  the  site.  In  summer  1986  sampling,  two  specimens  of  £. 
palustris  were  captured  as  well  as  3  53.  dispar ,  several  Blarina  brevicauda  and 
numerous  £.  cinereus  and  £.  f umeus ;  the  same  species  as  reported  by  Pagels  and 
Tate  (1976).  Numerous  other  sites,  especially  in  Highland  and  Bath  counties 
have  been  sampled,  but  no  other  water  shrews  have  been  collected.  Handley's 
(1980b)  observation  seems  most  appropriate.  "At  one  time  water  shrews  were 
probably  more  numerous  in  the  higher  mountains  of  Virginia.  It  is  possible  that 
other  surviving  isolated  populations  will  be  found,  but  at  best  numbers  must  be 
very  low.  In  the  Appalachians  south  of  northeastern  Pennsylvania,  (water) 
shrews  are  relicts  of  the  ice  ages.  Large,  continuous  populations  may  never 
have  existed  in  historic  times.  The  remnants  should  be  jealously  protected." 
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ABSTRACT 

During  a  10-year  period  (1977-1987),  170  caves  in  22 

counties  in  Virginia  were  searched  for  hibernating 
bats.  Bats  were  observed  in  62%  of  the  caves.  Of  the 
30,000  bats  found,  seven  species  were  represented: 

M  v  o  t i s  1  u  c i f  u  g  u  s  ,  M  v  o  t i s  septentrional  is,  M vot i s 
s  o  d  a  1 i s  ,  M vot i s  1 e  i  b  i  i  ,  Pipistrellus  subf 1 avus , 
Eptesicus  f  u  s  c  u  s  ,  and  P 1 e  c  o  t  u  s  town  send i i .  M. 

1  uci  f  ugus  and  £.  subf  1  avus  were  the  most  abundant 
species,  and  £.  subfl  avus  was  the  most  widely 
distributed  species  and  occurred  in  the  largest  number 
of  caves.  M.  septentri onal is  and  M.  1 ei bi i  were  the 
least  numerous  species,  and  M.  sodal i s  and  £. 

town  send i i  occurred  in  the  fewest  caves.  An  estimated 
80,000-100,000  bats  hibernate  in  approximately  1500 
caves  in  about  30,000  km^  in  Virginia.  Despite  these 
large  numbers,  bats  hibernating  in  caves  should  be 

considered  species  of  special  concern.  Due  to 

restrictive  requirements  for  hibernation,  some  of  these 
bats  are  more  vulnerable  to  environmental  perturbations 
than  others.  The  seven  species  are  ranked  from  most 
vulnerable  (and  in  most  need  of  protection)  to  least 
vulnerable:  £.  townsendi i ,  M.  sodal i s ,  with  M. 

1 uci fugus  ,  M.  1 e i b i i  and  M.  septentri onal is  nearly 
equal,  followed  by  £.  subfl avus ,  and  finally  £. 

f uscus . 

INTRODUCTION 

Seven  species  of  bats,  belonging  to  four  genera,  hibernate 
in  caves  in  Virginia:  Mvot  i  s  1 uc i fugus  (Le  Conte),  Little  Brown 
Myotis;  M vot i s  septentri onal is  ( Troue s s art ) ,  Northern  Long-eared 
Myotis;  M vot i s  sodal i s  Miller  and  G.  M.  Allen,  Social  Myotis  or 
Indiana  Bat;  Myotis  1 e i bi i  (Audubon  and  Bachman),  Small-footed 
Myotis;  Pipistrellus  subfl avus  (F.  Cuvier),  Eastern  Pipistrelle; 
Eptesicus  f uscus  (Palisot  de  Beauvois),  Big  Brown  Bat;  and 

PI ecotu s  townsendi  i  Cooper,  Townsend's  Big-eared  Bat.  Two  of 
these  bats  are  on  the  Federal  Endangered  Species  List:  M.  sodal  i  s 
and  the  Appalachian  subspecies  of  Townsend's  Big-eared  Bat, 
PI ecotu  s  townsendii  virginianus  Handley.  Another  Federally 
Endangered  species,  Myotis  gri sescens  (A.  H.  Howell),  Gray 
Myotis,  does  not  hibernate  in  this  state  but  occurs  in  caves  in 
Virginia  in  spring,  summer,  and  fall. 

Despite  considerable  accumulated  knowledge  on  distribution 
of  bats  in  the  United  States  (Barbour  and  Davis,  1969;  Hall, 
1981;  Hamilton  and  Whitaker,  1979),  there  are  few  specific 
distributional  data  on  bats  in  Virginia.  Bailey  (1946)  and 
Handley  and  Patton  (1947)  published  available  information  on  bats 
in  Virginia.  Except  for  a  little  field  work  reported  in  reviews 
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of  Endangered  Species  of  bats  (Russ,  1973;  Tipton,  Tipton,  and 
Handley,  1979;  Hoar,  1980),  there  had  been  virtually  no 
additional  field  work  between  the  1940's  and  this  investigation. 
The  purpose  of  this  study  was  to  supplement  and  update  knowledge 
of  bats  hibernating  in  Virginia. 

METHODS 

Western  Virginia  is  rich  in  caves.  Approximately  2500  caves 
are  located  in  26  counties  west  of  the  Blue  Ridge  Mountains 
(Holsinger,  1975).  I  selected  a  sample  of  170  caves  in  22 
counties  to  search  for  bats.  This  sample  was  chosen  on  the 
basis  of  records  of  specimens  in  museums  and  in  publications 
(Davis,  1959;  Handley,  1959;  Johnson,  1950),  reports  of  sightings 
of  bats  from  biologists  and  local  cavers  (see  Acknowledgements 
and  text),  and  suitability  (Tuttle  and  Stevenson,  1978).  Caves 
most  desirable  as  hibernacula  for  bats  are  large  and  structurally 
complex,  with  a  wide  range  of  winter  temperatures  (from 
near - f reez i ng  to  12-15°  C).  Caves  containing  saltpetre  deposits 
are  likely  to  be  suitable  since  one  source  of  saltpetre  is  fossil 
bat  guano  (Hill  and  Forti,  1986),  indicating  long  habitation  of 
the  caves  by  great  numbers  of  bats. 

A  majority  of  the  caves  that  I  checked  were  in  Bath, 
Highland,  Tazewell,  and  Wise  counties.  Two  of  the  caves  were 
man-made,  one  a  tunnel  in  limestone  and  the  other  a  mine  in 
quartzite;  the  rest  of  the  caves  were  natural  cavities  found  in 
limestone  or  dolomite.  All  known  caves  in  the  George  Washington 
National  Forest  were  searched  (Tipton  and  Tipton,  1982).  Caves 
ranged  in  length  from  ca.  30  m  on  a  single  level  to  around  1000  m 
on  multiple  levels.  Counties  (containing  caves)  that  were  not 
checked  are  Clarke,  Frederick,  Warren,  and  Wythe. 

These  investigations  were  conducted  during  a  10-year  period 
(November  1977-March  1987).  Most  caves  were  visited  from  October 
through  mid-March,  but  there  were  a  few  trips  in  September  and 
April.  On  each  of  the  more  than  250  trips,  numbers  and  species 
of  bats  were  recorded  by  counting  all  visible  individuals.  For 
large  clusters,  to  minimize  disturbance,  numbers  were  estimated 
from  a  measured  density  of  bats:  first  a  ft^  area  of  bats  was 
counted,  then  the  area  covered  by  all  remaining  clusters  was 
multiplied  by  the  number  of  bats  counted  in  the  ft^  area.  Many 
caves  were  not  completely  surveyed  because  the  surveyors  were 
unable  to  squeeze  through  some  of  the  tiny  passages. 


RESULTS  AND  DISCUSSION 

Results  are  based  on  one  trip  to  each  of  170  caves  surveyed 
during  the  winters  of  this  10-year  study.  The  most  complete 
survey  from  multiple  visits  to  a  single  cave  was  used  for 
analysis.  Percentages  are  based  on  totals  of  bats  (30,000), 
counties  (22),  or  caves  with  bats  (106)  unless  otherwise  stated 
(Table  1).  Numbers  of  bats  were  rounded  (to  the  nearest  50  for 
numbers  over  100  and  nearest  500  for  numbers  over  1000)  to  allow 
for  an  estimated  10%  sampling  error. 

106  CAVES  WITH  BATS 


1-10 

bats 

42 

caves 

4  0% 

10-49 

bats 

24 

caves 

2  3% 

50-500 

bats 

29 

caves 

2  7% 

>500 

bats 

1 1 

caves 

10% 

Each  county  surveyed  had  at  least  a  few  caves  with  bats.  The  11 
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TABLE  1.  Number  of  bats  (and  percentages  of  total)  of  each  species.  Also 
listed  are  the  number  (and  percentages)  of  caves  and  counties  in 


which 

caves 

each  species  was  found, 
and  30,000  bats . 

Percentages 

are  based 

on  106 

Number 

Percentage 

Number 

Percentage 

Number 

Spec i es 

o  f 

of  Total 

of 

of  Total 

o  f 

Indi vidua! s 

Individual s 

Caves 

Caves 

Counties 

Mvot  i  s 

1 uc i f ugus 

20,000 

67 

46 

43 

15 

Pioi strel 1  us 

subfl avus 

5,000 

17 

104 

98 

22 

M vot  i  s 
s od a  1  i  s 

2,500 

8 

8 

8 

5 

PI  ecotus 
town  send  i  i 

2,000 

7 

4 

4 

3 

Eptesicus 

fuscus 

350 

1 

39 

37 

15 

Mvot  i  s 

1  e  i  b  i  i 

60 

<1 

16 

15 

10 

Mvot i s 

septentrional  is 

20 

<1 

12 

1 1 

7 

TOTALS 

29,930 

100 

106 

22 

caves  containing  more  than  500  bats  (see  above  list)  were  located 
at  elevations  ranging  from  400  to  900  m  in  seven  counties  (Bath, 
Bland,  Craig,  Giles,  Lee,  Tazewell,  and  Wise).  Seven  of  the  11 
were  saltpetre  caves. 

No  cave  contained  M vot i  s  gri sescens ,  nor  did  any  cave  harbor 
all  of  the  seven  species  of  bats  which  I  found.  Only  two 
contained  six  species  --  one  with  Mvot  i  s  sodal  is  plus  the  five 
non  -  Endangered  species;  the  other  with  M.  sodal i s ,  PI ecotus 
townsendi  i  ,  and  four  non  -  Endangered  species.  Two  other  caves  had 
all  five  non  -  Endangered  species.  Thus,  only  three  caves  had  all 
five  non  -  Endangered  species.  Only  Pi p i strel 1  us  subfl avus  and 
Eptesicus  f uscus  occurred  as  the  sole  species  in  some  caves  --  £.. 
subfl  avus  in  45  caves  and  £.  f uscus  in  two  caves.  In  the 
man-made  structures,  E.  subfl avus .  E..  fuscus ,  Mvot i s  1 ei  bi i ,  and 
Mvot i s  septentrional  is  occupied  the  tunnel,  while  the  mine 
contained  £.  subfl avus ,  £.  fuscus ,  Mvot i s  1 uci fugus .  and  M. 
septentrional  is. 

Species  Accounts 

M vot i s  1 uc i f ugu  s 

The  most  abundant  species  in  my  survey,  67%  of  total  bats 
counted,  was  M.  1 uci fugus .  It  is  one  of  the  most  abundant  bats 
elsewhere  in  its  range  (Barbour  and  Davis,  1969;  Mohr,  1932).  It 
was  found  in  46  Virginia  caves  during  every  month  from  September 
through  April.  These  caves  were  dispersed  across  15  counties 
from  Rockingham  County  southward.  Eight  caves  sheltered  more 
than  1000  individuals.  In  one  cave  harboring  about  700  M. 
1  uci fugus .  numbers  have  remained  relatively  constant  during  this 
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10-year  study.  The  cave  has  received  very  little  human 
d i  sturbance . 

H vot i s  gr i sescens 

There  are  no  records  of  M.  gri sescens  hibernating  in 
Virginia.  It  was  not  found  during  this  survey.  However,  it 
hibernates  in  Tennessee  caves  close  to  the  Virginia  border,  so 
there  is  potential  for  a  Gray  Bat  hibernaculum  in  Virginia.  This 
species  does  occupy  Virginia  caves  in  other  seasons,  presumably 

as  male  bachelor  and  migrating  colonies. 

M vot  i  s  septentrional  is 

I  found  this  bat  from  November  through  April.  It  was  the 

least  abundant  species  (20  individuals,  representing  <  1%  of  all 
bats),  occurring  in  very  few  caves  (11%)  in  seven  counties.  M. 
septentrional  is  is  also  rare  in  West  Virginia,  Kentucky  (Barbour 
and  Davis,  1969),  Pennsylvania  (Hall,  1985;  Mohr,  1932),  Maryland 
(Gates  et  al  .  ,  1984  ),  North  Carolina  (Clark,  in  press),  and 
Arkansas  (Harvey  and  McDaniel,  1983).  Except  for  the  discovery  of 
nine  M.  septentr i onal  i  s  in  the  man-made  tunnel,  the  observations 
in  this  study  were  of  a  single  individual  per  cave.  M. 

septentr i onal i s  frequently  hibernates  where  investigators  cannot 
readily  see  it,  such  as  in  the  numerous  cracks  and  deep  holes  of 
cave  walls  (Barbour  and  Davis,  1969;  Hall,  1985).  As  a  result, 
this  species  may  be  more  abundant  throughout  its  range  than 

surveys  indicate.  For  example,  the  largest  number  of  M. 
septentrional  is  in  this  study  was  found  in  the  artificial  tunnel, 
which  has  relatively  smooth  walls;  and  interestingly,  one 
individual  was  found  crammed  into  one  of  the  scarce  cracks  in  the 
tunnel  wall.  However,  it  is  also  possible  that  this  bat  has 
restrictive  physiological  requirements  which  were  provided  by  the 
tunnel  but  not  by  most  natural  caves.  Extensive  further  research 
is  required  before  we  can  fully  understand  the  distribution  and 
status  of  this  species . 

Myot i s  sodal i s 

Historically,  before  my  study,  M.  sodal i s  had  been  observed 
in  seven  caves  in  Virginia  (Handley  and  Patton,  1947;  Tuttle, 
pers.  comm.;  Wallace,  pers.  comm.).  It  has  disappeared  from  four 
of  the  seven.  Among  the  three  caves  still  occupied  by  M.  sodal i s 
the  population  is  very  slowly  increasing  in  one  which  has 
received  little  human  disturbance,  is  declining  in  one  which 
suffers  from  increasing  disturbance,  and  has  not  been  censused 
enough  to  show  a  trend  in  the  third.  In  addition  to  these 
historic  roosts,  I  found  M.  sodal i s  in  five  other  caves  which  I 
suspect  have  always  harbored  this  species.  These  newly 
discovered  roosts  have  not  been  censused  long  enough  to  determine 
population  trends.  Although  M.  sodal i s  presently  roosts  in  eight 
caves  in  Virginia,  in  contrast  to  the  historic  seven,  the  loss  of 
the  four  previously  known  cave  populations  probably  represents  a 
real  decline  in  the  state.  Declines  have  been  severe  throughout 
the  range  of  M.  s  od  a  1  i  s :  73%  in  Kentucky,  8%  and  still  declining 
in  Missouri  (Humphrey,  1978;  Clawson,  pers.  comm.),  and  54%  in 
Arkansas  (Harvey,  in  press).  Throughout  its  range  M.  s  o  d  a  1  i  s 
characteristically  occurs  in  few  caves  and  forms  large  colonies 
(Hall,  1962).  This  definitely  is  true  in  Virginia,  where  I 
observed  the  species  in  only  eight  caves,  four  of  which  held  99% 
of  the  individuals  (two  had  about  1000  each,  two  had  about  250 
each,  and  the  rest  had  less  than  10  each).  These  caves  are  in 
Lee,  Wise,  Tazewell,  Bland,  and  Bath  counties. 

M vot i s  1 e i b i  i 

I  found  this  species  in  about  15%  of  the  caves  in  10 
counties.  In  other  states  in  the  eastern  part  of  its  range,  M. 
1 ei bi i  also  occurs  in  only  a  small  proportion  of  the  known  caves 
(Mohr,  1932;  Hall,  1985;  Hamilton  and  Whitaker,  1979).  According 
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to  Barbour  and  Davis  (1969),  this  species  does  not  enter  caves 
for  hibernation  until  November  and  leaves  by  March  in  New  York 
and  Vermont.  It  seems  to  be  on  a  similar  schedule  in  Virginia. 
It  was  absent  from  my  caves  in  September,  October,  March,  and 
April.  During  my  survey  I  counted  only  60  M.  1  e  i  bi  i  .  Most  of 
these  were  solitary,  but  I  found  more  in  two  roosts.  One  of  the 
roosts,  a  cave,  had  18  M.  1 e i b i i  (plus  ca.  2000  individuals  of 
four  other  species)  and  the  other,  an  artificial  tunnel  with 
virtually  no  cracks  in  which  bats  could  be  concealed,  had  12  M. 
1 e i b i i  (plus  ca.  200  individuals  of  four  other  species).  Perhaps 
if  the  tunnel  had  more  crevices  I  would  have  seen  fewer 
individuals  of  M.  1 e i b i i .  Distribution  and  numbers  of  M.  1 e i b i i 
probably  are  somewhat  underestimated  because,  like  M_. 
septentr i onal i s .  this  bat  commonly  hibernates  out  of  sight  in 
cracks  and  crevices  (Barbour  and  Davis,  1969;  Davis,  1955; 
Martin,  Pawluk,  and  Clancy,  1966).  Perhaps  that  explains  my 
finding  only  one  or  two  in  most  caves.  However,  Hicks  (pers. 
comm.)  recently  found  about  500  M.  1 ei bi  i  hibernating  in  a 
single  cave  in  New  York.  Further  research  will  be  needed  to 
determine  whether  the  population  of  this  species  is  truly  small 
or  reflects  a  peculiar  roosting  behavior. 

Pi  pi strel 1  us  subf 1 avus 

This  was  the  second  most  abundant  species  and  the  most 
widely  distributed.  It  occurred  in  all  counties  investigated  and 
in  the  largest  number  of  caves  (104).  Most  of  the  smaller  caves 
had  only  a  few  P..  subf  1  avus ;  some  of  the  more  extensive  caves 
contained  hundreds.  Altogether  I  counted  about  5,000.  P.. 
subf! avus  occurred  in  caves  every  month  from  September  through 
April.  According  to  Barbour  and  Davis  (1969),  "across  a  large 
section  of  the  United  States  P..  subf  1  avus  is  by  far  the  most 
abundant  bat"  and  occurs  in  the  largest  number  of  caves  in  its 
range.  In  Virginia,  although  it  did  occur  in  the  greatest  number 
of  caves,  it  was  not  as  abundant  as  M vot i s  1 uc i f uous .  It  is  our 
least  specialized  cave  bat  in  as  much  as  it  is  found  in  a  wider 
range  of  temperature,  humidity,  and  cave  configuration  than  any 
other  bat  in  Virginia. 

Eptesicus  f u scu s 

Like  Mvot  i  s  1  e  i  b  i  i  .  E..  f  uscus  did  not  appear  in  caves  until 
November.  Mohr  (1932)  did  not  find  it  until  November  in 
Pennsylvania  caves.  In  Kentucky,  most  E_.  fuscus  are  gone  by 
mid-March  (Barbour  and  Davis,  1969);  whereas  in  Virginia  caves, 
this  species  seems  to  linger  in  hibernation  a  few  weeks  longer, 
at  least  into  April.  I  counted  ca.  350  individuals  in  39  caves 
in  15  counties.  Mohr  (  1  932  )  found  £.  fuscus  in  52%  of  the 
"Pennsylvania  bat  caves,"  whereas  I  found  it  in  37%  of  Virginia 
bat  caves.  Furthermore,  Mohr  found  E..  fuscus  to  be  concentrated 
in  a  single  county.  This  finding  may  be  a  reflection  of  the 
distribution  of  suitable  caves.  In  comparison,  in  my  study,  E_. 
fuscus .  together  with  Mvot i s  1 uci fugus ,  was  found  in  more 
counties  than  any  other  bat  except  Pi  pi strel 1  us  subf 1 avus . 

PI ecotus  townsendi i 

Historically,  this  species  occurred  in  small  numbers  (<25) 
in  five  Virginia  caves  (Tipton,  Tipton  and  Handley,  1979).  When 
I  searched  those  caves  for  hibernating  populations  of  P.. 
townsendi  i ,  none  were  found.  However,  four  previously  unsurveyed 
caves  (in  Bland,  Highland,  and  Tazewell  counties)  were  discovered 
to  contain  hibernating  P..  townsendi  i  .  This  species  has  a  more 
restricted  distribution  than  any  other  Virginia  cave  bat;  about 
99%  of  the  population  hibernates  in  a  single  cave.  In  this 
hi  bernacul urn,  there  was  a  large  single  cluster  of  P.  townsendi i . 
numbering  about  1100  individuals.  Large  cluster  size  is  also 
characteristic  of  P.  townsendi  i  inqens  (Harvey,  pers.  comm.),  but 
is  unusual  in  the  western  non  -  Endangered  subspecies  (Kunz  and 
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Martin,  1982;  Barbour  and  Davis,  1969).  Of  the  seven  species 
found  during  these  winter  surveys,  only  P_.  townsendi  i  regularly 
inhabits  caves  year-round  in  large  numbers.  Females  move  from 
the  colder  winter  hibernacula  to  warmer  summer  caves.  They 
hibernate  through  March  and  start  arriving  at  maternity  caves  in 
large  numbers  in  early  to  mid-April.  At  the  one  known  maternity 
cave  in  Virginia,  the  majority  of  the  colony  of  females  and  young 
leaves  around  m i d - S e p t embe r ,  presumably  to  migrate  to 
hibernacula.  The  whereabouts  of  adult  males  in  summer  is 
unknown.  During  fall  and  spring  migration  P..  townsendi  i  can  be 
found  in  both  summer  and  winter  roosts  at  the  same  time. 

Sources  of  Error 


There  are  several  potential  sources  of  error.  My  survey  was 
biased  toward  a  search  for  Federally  Endangered  Species  and  caves 
likely  to  contain  large  numbers  of  bats.  To  compensate,  some 
caves  with  little  potential  for  harboring  significant  populations 
of  bats  were  checked  for  various  reasons  including  misleading 
reports  and  a  complete  survey  of  caves  in  the  George  Washington 
National  Forest,  which  included  many  caves  unsuitable  for  bats. 
In  complex  and  extensive  caves,  bats  were  surely  missed  in  a 
census  because  of  passages,  cracks,  and  holes  too  difficult  or 
impossible  to  reach.  Some  large  caves  were  not  thoroughly 
checked  because  of  time  constraints  or  logistic  problems. 

Bats  move  around  naturally  within  caves  and  between  caves 
during  winter,  hence  their  numbers  in  a  given  cave  will  fluctuate 
as  winter  progresses  (Barbour  and  Davis,  1969;  Flitchcock,  1965; 
Humphrey  and  Cope,  1  976  ;  Flail,  1  962  ).  This  could  affect 
estimates  of  abundance  and,  to  a  lesser  extent,  detection  of  less 
numerous  species.  In  addition,  several  caves  were  surveyed  only 
in  September  and  April,  months  in  which  bats  are  not  numerous 
because  they  are  either  just  arriving  or  have  mostly  left 
hibernacula.  Considering  that  Eptesi cus  f uscus  and  Myot i s  1 e i b i  i 
enter  caves  in  late  fall  and  emerge  in  early  spring,  they  might 
be  missed  entirely.  To  test  this  sampling  bias,  caves  checked  in 
September,  October  and  April  were  removed  from  consideration,  and 
numbers  and  frequency  of  E_.  fuscus  were  reexamined.  Numbers 
decreased,  but  the  percentage  in  caves  remained  about  the  same 
(36%) . 

With  these  caveats,  one  still  can  have  a  fair  degree  of 
confidence  in  the  trends  and  patterns  of  distribution  and 
abundance  of  cave  bats  that  I  report  here. 

Distribution  and  Abundance 

To  date,  probably  a  majority  of  caves  in  Virginia  containing 
more  than  1000  bats  have  been  surveyed.  It  is  unlikely  that 
altogether  more  than  two  or  three  major  hibernacula  of  Endangered 
Species  and  more  than  10  or  15  major  hibernacula  of  the  other 
species  exist.  Not  many  caves  in  Virginia  are  suitable 
hibernacula  for  large  numbers  of  bats.  In  fact,  most  likely  less 
than  1%  of  the  2500  caves  in  Virginia  are  significant  bat  caves 
(containing  more  than  500  bats). 

Based  on  the  results  of  this  survey,  the  total  number  of 
bats  currently  hibernating  in  Virginia  caves  is  estimated  at 
80,000-  100,000,  in  ca.  1  500  caves,  in  ca.  30,000  km^.  Thus, 
although  the  bats  are  not  evenly  distributed,  the  density 
averages  about  eight  bats  per  km^.  If  all  the  caves  had  been 
surveyed,  the  proportions  of  each  species  would  probably  change 
little  from  those  in  this  paper  with  the  exception  of  £.. 
townsendi i ,  whose  frequency  would  likely  drop  to  6%  or  lower  and 
M.  sodal i s  whose  frequency  would  likely  drop  to  2%  or  lower. 

In  Virginia  and  West  Virginia,  PI ecotus  townsendi i  roosts 
primarily  in  caves  at  elevations  above  450  m  (Flandley,  1  959  ; 
Conrad,  1961).  I  found  no  such  elevational  correlate  with  caves 
containing  large  numbers  of  other  species  of  bats.  Flowever,  as 
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is  typical  of  cave  bats  in  general  (Hall,  1  962  ;  Myers,  1964  ; 
Tuttle  and  Stevenson,  1978),  I  found  the  largest  number  of  bats 
and  greatest  diversity  of  species  in  the  coldest  and  most 
extensive  and  complex  caves. 

Status 

In  general,  cave  bats  are  unable  to  adapt  to  drastic 
ecological  changes  (Henshaw,  1972).  They  are  vulnerable  to 
environmental  changes  and  human  disturbance  because  they  are 
confined  to  a  small  portion  of  the  environment  --  caves,  not  all 
of  which  are  well  suited  to  bats.  Bats  exhibit  a  high  degree  of 
genetic  stability  which  limits  their  ability  to  adjust  to 
environmental  permutations  (Henshaw,  1972).  Finally,  they  are 
subject  to  pesticide  poisoning  through  their  restrictive  diets  of 
i  nsects  . 

There  are  two  roosting  strategies  of  hibernating  bats, 
solitary  and  colonial.  Solitary  hibernators  hang  singly, 
generally  a  meter  or  more  from  one  another.  This  group  normally 
includes  Pipistrellus  subf 1 avus ,  Eptes i cus  fuscus ,  Myot i s 
septentrional  is.  and  Mvot i s  1 e i b i i .  Colonial  bats  usually 
hibernate  in  groups,  with  individuals  close  enough  to  touch  one 
other.  Cluster  size  ranges  from  four  or  five  individuals  to 
thousands.  M vot i s  1 uci fugus  and  M vot i s  sodal is  are  typical 
clustering  bats.  Clustering  species  will  also  hibernate  singly. 
PI ecotus  townsendi  i  hibernates  both  singly  and  in  clusters.  In 
general,  colonial  species  are  more  vulnerable  to  extirpation  by 
environmental  insults  than  solitary  species  because  a  larger 
percentage  of  the  total  population  of  the  species  would  be 
affected  by  a  single  event  (Henshaw,  1972). 

Because  hibernation  is  one  of  the  most  critical  times  in  the 
lives  of  bats,  I  have  ranked  the  species  of  Virginia  cave  bats 
from  most  vulnerable  to  least  vulnerable  to  extirpation  on  the 
basis  of  their  winter  roosting  habits.  However,  inasmuch  as  all 
bats  in  Virginia  subsist  on  insects,  their  ultimate  survival  must 
depend  on  availability  of  sufficient  summer  habitat  and  food. 

Mvot i s  sodal  i s .  PI ecotus  townsendi  i  vi rqi ni anus  .  and  M v o t i s 
gr i sescens  are  ranked  most  vulnerable  because  they  have  shown  a 
pattern  of  decreasing  population  size,  populations  are 
concentrated  in  only  a  few  caves,  and  they  are  easily  disturbed 
(Hall,  1962;  Hall  and  Harvey,  1977;  Humphrey,  1978;  Humphrey  and 
Kunz,  1976;  Tuttle,  1975).  Thus,  the  loss  of  one  major 
hibernaculum  could  have  serious  consequences,  perhaps  even 
leading  to  extinction  due  to  reduction  of  population  size  below 
that  required  for  survival  of  the  species  (minimum  viable 
population).  Under  the  Endangered  Species  Act,  M.  gri sescens .  M. 
sodal  i  s .  and  P..  t_.  vi  rqi  ni  anus  are  listed  as  Endangered.  £..  t.. 
vi rgi ni anus  is  at  the  top  of  my  list  because  the  big  hibernating 
colony  discovered  during  this  study  is  one  of  the  three  largest 
of  this  subspecies  (Crum,  pers.  comm;  MacGregor,  pers.  comm.)  and 
represents  a  substantial  proportion  (ca.  30%)  of  the  total  known 
hibernating  individuals  of  the  taxon.  Virginia  also  has  a 
significant  summer  maternity  colony  of  these  bats,  representing 
almost  10%  of  the  total  known  individuals  of  the  subspecies. 
Because  numbers  of  M.  sodal i s  across  the  country  are  still 
declining,  small  colonies  in  Virginia  are  important  for 
maintaining  maximum  population  and  range  size.  M.  gri  sescens  has 
not  been  found  hibernating  in  Virginia,  and  known  summer  colonies 
are  small  and  less  important  to  survival  of  the  species  than  are 
the  Virginia  populations  of  £.  townsendi i  and  M.  sodal  i  s . 

M vot i s  1 uci fugus  is  less  vulnerable  than  the  other  colonial 
bats  because  it  is  more  widely  distributed  in  the  state. 
However,  since  it  is  colonial  and  roosts  in  only  eight  important 
sites,  it  is  more  vulnerable  than  the  solitary  hibernators.  On 
the  other  hand,  the  solitary  hibernators  M vot i s  1 ei bi i  and  Myoti s 
septentr i onal i s  are  rare.  Thus,  one  could  argue  that  they  should 
be  ranked  higher  than  M.  1  uci fugus .  However,  about  7  5%  of  M. 
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1  uci fugus  hibernate  in  only  eight  caves,  making  them  vulnerable 
to  extirpation  through  destruction  of  only  a  few  hibernacula.  M. 
septentrional  is  is  classified  as  "Vulnerable"  in  Pennsylvania 
(Genoways,  1985)  because  its  numbers  today  are  fewer  than  in  the 
past.  In  a  survey  of  16  caves  and  mines,  Hall  found  only  three 
of  these  bats  in  two  caves,  a  reduction  from  earlier  surveys  of 
Mohr  (Hall,  1985).  If  this  species  was  not  apparently  abundant 
in  summer,  Hall  probably  would  have  moved  M.  septentri onal i s  to  a 
more  restrictive  category.  M.  1  e  i  b  i  i  is  considered  "Threatened" 
in  Pennsylvania  (Genoways,  1985)  because  of  its  limited 
distribution,  small  numbers,  and  declining  population  (Hall, 
1985).  Supporting  that  status  is  the  possibility  that  the  one 
New  York  cave  with  500  individuals  represents  a  large  percentage 
of  the  entire  population.  Considering  the  preceding 
justifications  and  current  knowledge,  M.  1  e  i  b  i  i  .  M_. 
septentri onal i s ,  and  M.  1 uc i f ugu  s  are  so  close  that  I  would 
assign  equal  status  to  them  and  rank  them  below  the  Federally 
Endangered  Species  and  above  E..  f uscus  and  £.  subf  1  avus . 

I  would  place  Pipistrellus  subf 1 avus  next.  It  is 
ubiquitous,  occurring  in  the  largest  number  of  caves  with  the 
widest  distribution  and  would  be  much  less  susceptible  to  local 
catastrophe  (Henshaw,  1972)  than  the  other  species.  Finally,  I 
would  rank  Eptesicus  f u  scus  as  the  least  vulnerable  of 
hibernating  cave  bats,  for  although  there  are  many  fewer  of  it 
than  of  any  Virginia  cave  bat  except  M.  1  e i b i i  and  M. 
septentrional  is.  E_.  f u scu s  is  more  widely  distributed.  It 
hibernates  in  houses  as  well  as  in  caves  and  is  widespread 
throughout  the  entire  state. 

CONCLUSIONS  AND  RECOMMENDATIONS 

All  species  of  cave  bats  should  receive  special  attention  of 
wildlife  managers  and  cavers.  Protective  measures  recommended  in 
the  last  decade  for  Endangered  Species  of  bats  (Tipton,  Tipton 
and  Handley,  1979;  Russ,  1973)  are  still  apropos;  that  is, 
control  human  activity  in  hibernacula  from  September  1  through 
May  15.  Sufficient  habitat  around  caves  should  also  be  preserved 
to  provide  appropriate  insects  for  bats  arriving  in  fall.  This 
local  food  source  is  necessary  for  building  fat  reserves. 
Hibernating  bats  will  die  of  starvation  before  the  end  of  winter 
if  they  have  stored  insufficient  energy  in  the  form  of  fat,  or  if 
they  prematurely  deplete  those  reserves  (for  example,  see  Pagels 
and  Blem,  1973). 

Currently,  all  but  one  of  the  important  Endangered  Species 
hibernacula  in  the  state  are  receiving  some  degree  of  protection 
from  the  Virginia  Department  of  Game  and  Inland  Fisheries, 
National  Park  Service,  Forest  Service,  and  The  Nature  Conservancy 
through  cooperative  agreements  with  landowners  and  placement  of 
fences  and  signs.  The  caves  that  have  the  largest  numbers  of 
M vot i s  1  uc i f ugu s  and  greatest  diversity  of  species  should  also  be 
protected . 

Future  studies  should  focus  on  M vot i s  1 e i b i  i  and  Mvot  i  s 
septentri onal is  to  determine  their  status  in  both  winter  and 
summer.  Maternity  colonies  of  Mvot i s  sodal i s  may  roost  in 
Virginia;  we  should  determine  the  summer  status  of  this  species. 
Also  important  are  long-term  studies  of  the  11  major  bat 
hibernacula.  A  better  understanding  of  seasonal  movements  of 
PI ecot  u  s  t own  s  end i i  is  needed;  for  example,  do  females  go 
directly  to  the  maternity  cave  or  do  they  arrive  there  after 
using  one  or  more  other  caves  en  route?  Do  females  that  use  the 
maternity  cave  come  from  the  same  hi bernacul urn?  In  fact,  are  any 
of  the  bats  in  the  primary  hibernaculum  and  maternity  cave  the 
same  individuals?  And  where  do  male  P_.  townsendi  i  spend  summer 
months?  The  search  for  caves  harboring  Endangered  Species  is 
continuing.  There  is  one  more  season  of  an  ongoing  intensive 
five-year  study  supported  by  the  Virginia  Department  of  Game  and 
Inland  Fisheries  after  which  efforts  will  probably  decrease  but 
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certainly  not  stop.  Finally,  studies  on  foraging  ecology  should 
be  intensified  because  food  resources  may  be  an  important 
limiting  factor  on  the  distribution  and  abundance  of  bats.  The 
Department  of  Game  and  Inland  Fisheries  and  The  Nature 

Conservancy  are  currently  supporting  a  study  of  the  foraging 
ecology  of  £.  town  send i i  which  began  several  years  ago. 
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ABSTRACT 

The  U.  S.  Fish  and  Wildlife  Service  recovery  plan 
for  the  endangered  Delmarva  fox  squirrel  ( Sciurus  niger 
cinereus )  emphasizes  the  need  to  re-establish 
populations  throughout  the  former  range,  including  the 
Virginia  Eastern  Shore.  Release  of  30  squirrels  on 
Chincoteague  National  Wildlife  Refuge  (Accomack  County) 
in  1968-71  gave  rise  to  a  self-sustaining  population. 
Habitat  conditions  (i.e.,  mature  pine  forest  on  a 
barrier  island) ,  however,  raise  doubts  about  the  long¬ 
term  security  of  this  population.  Release  of  24 
squirrels  at  Brownsville  Farm  (Northampton  County)  in 
1982-83  was  less  successful.  Seven  animals  remained  on 
the  site  in  1983  and  there  was  evidence  of  breeding 
during  1983-84,  but  there  have  been  no  recaptures  since 
November  1984.  Habitat  instability  on  Chincoteague 
Refuge  and  uncertainty  about  the  Brownsville  Farm 
population  confirm  the  need  for  additional  introductions 
if  this  subspecies  is  to  become  secure  in  Virginia. 


INTRODUCTION 

The  Delmarva  fox  squirrel  (Sciurus  niger  cinereus  Linnaeus) 
was  proposed  for  the  federal  endangered  species  list  on  March  11, 
1967  (32  FR  4001;  U.  S.  Department  of  the  Interior,  1970). 
Endemic  populations  of  this  subspecies  now  occur  in  only  four 
counties  on  the  coastal  plain  of  Maryland  (Fig.  1;  Taylor  and 
Flyger,  1973).  The  U.  S.  Fish  and  Wildlife  Service  recovery  plan 
emphasizes  the  importance  of  controlled  reintroduction  to 
appropriate  sites  throughout  the  former  range  (Taylor  et  al., 
1983).  As  of  May  1987,  squirrels  have  been  transplanted  to 
unoccupied  sites  in  Maryland  (9  sites),  Virginia  (2), 
Pennsylvania  (1)  and  Delaware  (1).  Unpublished  records  for 
Maryland  and  Virginia  indicate  that  many  but  not  all  of  these 
introductions  have  given  rise  to  new  populations  (G.  J.  Taylor 
and  G.  D.  Therres,  pers.  comm.).  Given  the  uncertainty  associated 
with  attempted  introductions,  it  is  timely  to  assess  the  status 
of  the  Delmarva  fox  squirrel  in  Virginia  and  to  identify  any 
pertinent  biological  and  ecological  constraints  on  future 
reintroduction  efforts. 
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Figure  1. 

Present  and  historic  ranges  of  the  Delmarva  fox  squirrel  ( Sciurus  niger 
cinereus ),  based  on  Taylor  (1976). 


HISTORIC  RANGE 

Taylor  (1973)  conducted  an  extensive  examination  of 
historical  records,  scientific  reports,  and  museum  collections  in 
his  search  for  information  about  the  historic  range  of  S.  n. 
cinereus .  He  concluded  that  the  Delmarva  fox  squirrel  once 
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occurred  in  sections  of  Pennsylvania,  Delaware,  Maryland, 
Virginia  and  possibly  New  Jersey  (Fig.  1)  .  Although  he  found 
convincing  records  for  the  historic  occurrence  of  this  squirrel 
in  Pennsylvania,  Delaware  and  Maryland,  Taylor  (1976)  found 
neither  published  accounts  nor  museum  specimens  to  confirm  its 
occurrence  in  Virginia.  Furthermore,  a  1974  survey  conducted  by 
the  Virginia  Commission  of  Game  and  Inland  Fisheries  found  no 
evidence  of  surviving  endemic  populations  in  Virginia 
(Anonymous,  1974).  Nevertheless,  several  basic  references 
describe  this  squirrel  as  a  native  of  Accomack  and  Northampton 
counties  on  the  Virginia  Eastern  Shore  (Mansueti,  1952; 
Barkalow,  1956;  Paradiso,  1969). 

These  references  seem  to  be  based  on  geographic  proximity 
and  unpublished  sources.  S.  n.  cinereus  occurred  immediately 
north  of  Accomack  County,  in  the  Maryland  counties  of  Somerset 
and  Worcester  (Paradiso,  1969) .  There  being  no  major  barriers  or 
habitat  discontinuities,  it  therefore  seems  likely  that  the  range 
also  included  at  least  portions  of  the  Virginia  Eastern  Shore. 

Additionally,  Handley  and  Patton  (1947)  cite  two  unpublished 
but  apparently  authentic  reports  of  S.  n.  cinereus  in  Virginia. 
Oberholser  (1895)  reported  observing  a  fox  squirrel  while 
collecting  mammals  (including  gray  squirrels)  near  Cape  Charles, 
Northampton  County:  "A  single  individual  of  this  species  (the  fox 
squirrel)  was  observed  in  mixed  woodland,  June  10,  but  could  not 
be  secured."  The  reliability  of  this  report  is  enhanced  by 
Oberholser's  stature  as  one  of  the  leading  field  biologists 
associated  with  the  U.  S.  Department  of  Agriculture  Bureau  of 
Biological  Surveys. 

Llewellyn  (1944)  reported  that  he  had  questioned  several 
residents  of  Accomack  County  about  the  local  occurrence  of  the 
Delmarva  fox  squirrel.  When  shown  a  mounted  specimen,  most 
residents  responded  that  they  had  not  seen  such  an  animal  in 
their  area  and  some  said  it  was  very  rare.  One  person  responded 
that  he  had  seen  a  similar  squirrel  the  previous  week,  when  a  boy 
had  brought  a  squirrel  that  he  had  just  shot  with  a  .22-caliber 
rifle  to  the  general  store  in  Hailwood.  Llewellyn  reported  that 
his  attempt  to  confirm  this  observation  through  a  visit  to  the 
boy's  home  was  unsuccessful.  The  boy's  mother  and  sister  denied 
ever  seeing  (much  less  shooting)  a  squirrel  similar  to  the 
mounted  specimen.  Although  Llewellyn  was  an  experienced  field 
biologist,  and  on  the  staff  of  Blackwater  National  Wildlife 
Refuge  in  nearby  Dorchester  County,  Maryland,  his  report  is  based 
entirely  on  second-hand  information. 

The  Delmarva  fox  squirrel  was  extirpated  from  most  of  its 
range  by  1900  (Taylor,  1973) .  Endemic  populations  now  occupy  less 
than  10%  of  the  historic  range.  Taylor  (1976)  attributes  the 
continued  numerical  decline  and  range  constriction  to  "habitat 
destruction."  While  many  of  the  landscape  changes  resulting  from 
European  settlement  might  have  benefited  the  fox  squirrel,  others 
have  been  detrimental.  Taylor  believes  that  extensive  timber 
harvest  has  been  particularly  detrimental.  The  removal  of  mature 
hardwoods  has  reduced  the  availability  of  suitable  den  trees, 
removed  reliable  sources  of  concentrated  hard  mast,  promoted  the 
luxuriant  growth  of  understory  vegetation,  and  perhaps  altered 
the  competitive  relationship  between  fox  and  gray  squirrels 
(Sciurus  carolinensis)  to  favor  the  latter.  Furthermore, 
woodland  management  on  the  coastal  plain  typically  has  involved 
both  short  timber  rotations  (i.e.,  frequent  harvests)  and 
reforestation  with  loblolly  pine  monoculture.  Gradual 
urbanization  has  added  yet  another  detrimental  land-use  practice. 

REINTRODUCTION  TO  VIRGINIA 

S.  n.  cinereus  has  been  introduced  at  Chincoteague  National 
Wildlife  Refuge  in  Accomack  County  and  at  Brownsville  Farm  in 
Northampton  County.  Chincoteague  Refuge  is  located  on  the 
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Figure  2. 

Number  of  Delmarva  fox  squirrels  observed  during  winter  (January  or 
February)  checks  of  175  squirrel  nest  boxes  on  Chincoteague  National 
Wildlife  Refuge. 


southern  tip  of  Assateague  Island,  a  7,029-ha  barrier  island.  The 
Refuge  supports  approximately  80  ha  of  mixed  pine-hardwood  forest 
and  525  ha  of  pine  woodland  20-60  years  of  age;  most  of  the  pine 
acreage  is  greater  than  60  years  of  age  (I.  W.  Ailes,  pers. 


Table  1.  Introduction  of  the  Delmarva  fox  squirrel  to 
Chincoteague  National  Wildlife  Refuge,  Accomack  County,  Virginia. 
Excluding  known  deaths,  30  squirrels  were  transplanted  over  a  4- 
yr  period.  Source  populations  of  the  transplanted  squirrels  were 
Blackwater  (BNWR)  and  Eastern  Neck  Island  (ENINWR)  National 
Wildlife  Refuges,  Maryland.  This  information  was  taken  from  the 
files  of  Chincoteague  Refuge. 


Date 

Source 

Number 

moved 

Pre-release 

fatalities 

Number 

released 

Post-release 

fatalities 

Nov. 

BNWR 

9 

0 

9 

. 

1968 

ENINWR 

8 

3 

5 

2* 

Dec . 

BNWR 

3 

0 

3 

0 

1970 

ENINWR 

13 

3 

10 

1 

Jan. 

BNWR 

0 

0 

0 

0 

1971 

ENINWR 

7 

0 

7 

1 

Totals 

40 

6 

34 

4 

* 


Source  population  assumed  for  these  two  individuals. 
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comm.)*  Brownsville  Farm  is  located  3.2  km  east  of  Nassawadox, 
and  serves  as  the  headquarters  of  the  Virginia  Coast  Reserve  of 
The  Nature  Conservancy.  Now  managed  as  a  conservation  area,  this 
farm  supports  approximately  40  ha  of  mixed  pine-hardwood  forest 
greater  than  30  years  of  age  (B.  Truitt,  pers.  comm.).  The  fox 
squirrel  introductions  at  these  two  sites  employed  different 
protocols,  and  they  seem  to  have  produced  different  results. 

Chincoteague  National  Wildlife  Refuge 

Britton  (quoted  in  Handley,  1980)  recounted  the  details  of 
the  introduction  of  the  Delmarva  fox  squirrel  to  Chincoteague 
Refuge.  Squirrels  were  released  on  three  separate  occasions 
during  1968-1971  (Table  1)  .  Transplanted  animals  were  derived 
from  two  Maryland  "source"  populations,  Blackwater  National 
Wildlife  Refuge  (Dorchester  County)  and  Eastern  Neck  Island 
National  Wildlife  Refuge  (Kent  County) .  A  total  of  40  individuals 
was  captured  and  moved  to  Chincoteague  Refuge  for  release. 
Although  the  animals  appeared  to  be  healthy  when  captured  (G.  W. 
Willey,  pers.  comm.),  six  individuals  died  prior  to  release,  and 
at  least  four  died  within  a  few  days  following  release. 
Effectively,  then,  30  individuals  were  transplanted,  including  a 
mix  of  sexes  and  ages  (subadults  and  adults).  Natural  food 
supplies  were  supplemented  with  shelled  corn  in  the  vicinity  of 
the  Lighthouse  Trail  release  area.  This  introduced  population 
has  been  monitored  periodically  by  personnel  of  the  U.  S.  Fish 
and  Wildlife  Service  and  the  Virginia  Department  of  Game  and 
Inland  Fisheries.  There  were  no  gray  squirrels  present  on  the 
refuge  at  the  time  of  the  fox  squirrel  introduction,  but  they 
have  been  present  since  1979  (I.  W.  Ailes,  pers.  comm.). 

These  30  squirrels  gave  rise  to  a  viable  population.  The 
first  young  squirrel  was  sighted  in  the  summer  of  1971.  Three 
more  were  seen  in  1972.  Nine  young  squirrels  were  observed  using 
the  supplemental  feeders  during  the  spring  and  summer  of  1974.  It 
was  estimated  that  the  population  at  this  time  had  expanded  from 
the  original  release  area  of  approximately  40  ha  to  an  occupied 
area  of  approximately  317  ha.  To  initiate  a  standardized  census 
procedure,  175  nest  boxes  were  deployed  in  August  1976.  Nest-box 
inspections  were  conducted  semi-annually  (spring  and  winter)  from 
1977  to  1984.  These  inspections  are  now  conducted  only  during  the 
winter  (January  or  February) ,  when  the  squirrels  are  most  likely 
to  occupy  the  boxes.  Captured  animals  are  examined  for  condition 
and  relative  age,  but  are  not  marked  for  individual  observation. 

Winter  census  records  since  1978  reveal  a  variable  but  self- 
sustaining  population  (Fig.  2).  The  number  of  individuals 
observed  (in  175  nest  boxes)  has  ranged  from  nine  (1981)  to  57 
(1978).  Much  of  the  apparent  inter-annual  variation,  however,  is 
attributable  to  the  weather  conditions  prevailing  on  the  day(s) 
of  the  census.  Approximately  40  individuals  are  observed  on 
average  on  snowy  or  stormy  days,  when  the  squirrels  are  likely  to 
remain  in  the  nest,  while  only  14  individuals  are  observed  on 
average  on  clear  days,  when  the  squirrels  are  likely  to  be 
active.  Any  attempt  to  estimate  absolute  abundance  from  these 
data  would  be  sheer  speculation,  but  it  seems  clear  that,  for  now 
at  least,  the  Chincoteague  Refuge  population  is  viable.  In  fact, 
this  population  has  been  sufficiently  productive  to  serve  as  a 
source  of  animals  for  introductions  on  the  northern  end  of  the 
Refuge  and  on  the  mainland  (I.  W.  Ailes,  pers.  comm.). 

Brownsville  Farm 

The  introduction  to  Brownsville  Farm  has  been  less  obviously 
successful.  This  location  was  selected  as  a  suitable  release  site 
by  the  Delmarva  Fox  Squirrel  Recovery  Team  following  evaluation 
of  several  potential  sites  (Taylor  et  al . ,  1983).  In  contrast  to 
Chincoteague  Refuge,  gray  squirrels  were  abundant  at  Brownsville 
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Table  2.  Introduction  of  the  Delmarva  fox  squirrel  to 
Brownsville  Farm,  Northampton  County,  Virginia.  Excluding  one 
pre-release  death,  24  squirrels  were  transplanted  over  a  12-mo 
period.  The  source  population  of  the  transplanted  squirrels  was 
Chincoteague  National  Wildlife  Refuge  (CNWR) . 


Date 

Source 

Number 

moved 

Pre-release 

fatalities 

Number 

released 

Post-release 

fatalities 

June 

1982 

CNWR 

12 

0 

12 

0 

Sept. 

1982 

CNWR 

2 

1 

1 

0 

May 

1983 

CNWR 

11 

0 

11 

0 

Totals 

25 

1 

24 

0 

Farm  during  the  release  period.  Fox  squirrels  from  Chincoteague 
Refuge  were  released  in  mature  pine  forest  on  three  occasions 
during  1982-1983  (Table  2)  .  Based  on  experience  at  Chincoteague 
Refuge  and  in  Maryland,  a  "soft  release"  method  was  employed  in 
an  effort  to  reduce  transplant  fatalities  and  to  increase  site 
fidelity  (Terwilliger ,  1985).  Animals  were  trapped  on 
Chincoteague  Refuge,  transported  to  Brownsville  in  closed  nest 
boxes,  and  held  in  a  large  turkey  wire  "release  cage"  for  5-7 
days  prior  to  release.  They  were  provisioned  with  cracked  corn 
and  water  both  before  release  and  for  several  months  afterward. 
The  feeders  continued  to  be  filled  with  corn  during  the  winter 
months.  Twenty-five  nest  boxes  were  deployed.  Eleven  squirrels 
were  marked  for  individual  identification  during  the  final 
release  period  (May  1983) .  In  contrast  to  Chincoteague  Refuge, 
where  25%  of  the  transplanted  animals  perished  before  or 
immediately  after  release,  only  one  of  the  25  animals  transported 
to  Brownsville  died  prior  to  release.  This  introduced  population 
has  been  monitored  periodically  by  personnel  of  the  Virginia 
Department  of  Game  and  Inland  Fisheries. 

Post-release  establishment  and  recruitment,  however,  were 
well  below  that  observed  at  Chincoteague  Refuge  (Table  3)  .  The 
population  was  censused  with  live  trapping  in  January  1984  and  in 
each  subsequent  November  (1984-1986).  Only  seven  fox  squirrels 
were  captured  in  four  trapping  sessions,  including  two  marked 
animals  from  the  May  1983  release  (one  male  and  one  female) ,  one 
adult  that  escaped  before  being  inspected,  and  four  young-of-the- 
year  (two  males  and  two  females) .  One  young  male  subsequently  was 
recaptured  as  an  adult.  The  greatest  number  of  captures  in  any 
season  was  five  individuals  during  November  1984.  Two 
transplanted  animals  (a  male  and  a  female)  survived  at  least  19 
mo,  and  one  young  male  survived  at  least  12  mo.  There  has  been 
no  use  of  nest  boxes  since  1983,  and  no  observed  feeder  use  since 
winter  1984.  Most  importantly,  however,  no  fox  squirrels  have 
been  captured  at  Brownsville  Farm  since  November  1984,  and  there 
has  been  only  one  confirmed  sighting  since  1984  (J.  M.  Hall, 
pers.  comm.).  While  the  eventual  outcome  of  this  introduction 
remains  to  be  determined  with  further  observations,  it  has  not 
produced  a  concentrated  local  population  of  Delmarva  fox 
squirrels  in  the  short  run. 
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Table  3.  Post-release  history  of  introduced  population  of  the 
Delmarva  fox  squirrel  at  Brownsville  Farm. 


Date 

Activity 

Number  of  : 

squirrels  observed 

January 

1984 

Trapping 

2 

recaptures 

(transplanted  adults) 

2 

new  captures 

(young-of-year) 

November 

1984 

Trapping 

2 

recaptures 

(transplanted  adults) 

1 

recapture 

(subadult) 

2 

new  captures 

(young-of-year) 

November 

1985 

Trapping 

0 

captures 

November 

1986 

Trapping 

0 

captures 

DISCUSSION 

The  Delmarva  fox  squirrel  is  now  present  in  Virginia  ,  but 
it  remains  "Endangered."  This  subspecies  now  occupies  much  less 
than  5%  of  its  presumed  former  range  in  Virginia,  and  the 
population  at  Chincoteague  Refuge  is  the  only  certain  population 
in  the  state.  Even  this  population  is  not  entirely  secure. 
Assateague  Island  is  a  barrier  island.  Much  of  the  squirrel 
habitat  is  low-lying  and  subject  to  overwash  during  hurricanes 
and  extratropical  storms.  Geological  and  biotic  changes  are  the 
rule  rather  than  the  exception  in  this  dynamic  environment  (Dolan 
et  al.,  1977).  Given  the  usual  occurrence  of  the  Delmarva  fox 
squirrel  in  mature  woodlands  (Taylor,  1976) ,  habitat  instability 
on  the  island  is  further  accentuated  by  the  dominance  of  loblolly 
pine  forest.  These  pines  are  relatively  short-lived,  and  mature 
trees  (such  as  now  constitute  much  of  the  forest  cover)  are 
particularly  susceptible  to  infestations  of  the  southern  pine 
beetle  (Dendroctonus  frontalis) .  The  most  recent  outbreak  of  this 
pest  at  Chincoteague  Refuge  resulted  in  the  loss  of  60-80  ha  of 
pine  forest  during  1983-1984,  much  of  it  occupied  fox  squirrel 
habitat  (I.  W.  Ailes,  pers.  comm.).  Habitat  loss  in  general,  of 
course,  is  perhaps  the  most  substantial  threat  to  the  survival  of 
the  Delmarva  fox  squirrel. 

Another  potential  threat  derives  from  the  genetic 
constitution  of  Maryland  "source"  populations  of  S.  niger 
cinereus .  As  indicated,  the  Chincoteague  Refuge  population  was 
derived  from  squirrels  transplanted  from  Blackwater  and  Eastern 
Neck  Island  Refuges  in  Maryland.  Recent  research  has  revealed 
that  the  Blackwater  and  Eastern  Neck  Island  populations  are 
depauperate  of  genetic  variation.  Based  on  an  electrophoretic 
survey  of  23  genetic  loci  representing  red  blood  cell  enzymes, 
hemoglobins  and  serum  proteins,  Morgan  et  al.  (in  press)  found  no 
observed  polymorphism  or  allelic  variation  in  57  animals  from 
these  two  populations.  There  was  no  detectable  heterozygosity  in 
either  population.  Based  on  analyses  of  numerous  mammalian 
genomes,  Morgan  et  al.  would  have  expected  to  find  3  loci 
polymorphic  out  of  the  23  examined. 

The  observed  lack  of  genetic  variation  suggests  that  the 
Delmarva  fox  squirrel  has  undergone  severe  genetic 
"bottlenecking"  during  periods  of  reduced  abundance,  and  it 
dictates  that  "genetic  management"  should  become  a  standard 
consideration  in  future  reintroductions.  The  observed  genetic 
similarity  of  the  Blackwater  and  Eastern  Neck  Island  populations 
implies  that  the  Chincoteague  Refuge  population  derived  from 
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these  sources  is  similarly  depauperate  of  genetic  variation.  In  a 
sense,  the  founding  of  the  Chincoteague  Refuge  population 
represented  an  additional  "bottleneck"  experience.  The  subsequent 
attempt  to  found  a  Brownsville  Farm  population  with  animals 
transplanted  from  Chincoteague  Refuge  represented  at  least  the 
third  "bottleneck"  experience  for  this  group  of  animals.  The 
genetic  complications  arising  from  "founder  effects"  (i.e., 
increased  inbreeding  and  loss  of  heterozygosity)  can  only  be 
accentuated  with  each  subsequent  subsampling  of  the  gene  pool. 

We  are  presently  developing  a  comprehensive  protocol  for  the 
reintroduction  of  the  Delmarva  fox  squirrel  to  the  mainland  of 
the  Virginia  Eastern  Shore.  In  their  discussion  of  "problems  in 
leaving  the  ark,"  Lyles  and  May  (1987)  identified  four  general 
issues  to  be  considered  in  planning  reintroductions  of  endangered 
species  to  areas  from  which  they  have  been  extirpated: 

1)  Identify  the  conditions  responsible  for  the  original 
decline  and,  if  possible,  remedy  them  before  attempting 
reintroductions . 

2)  Choose  protected,  ecologically  appropriate  release 
sites  for  conducting  reintroductions. 

3)  Choose  for  reintroduction  groups  of  individuals  whose 
overall  genetic  make-up  will  enhance  their  success. 

4)  Plan  reintroductions  to  take  into  account  the  social 
biology  of  the  species. 

Although  Lyles  and  May  were  particularly  concerned  with  the 
release  of  captive-bred  animals  into  natural  habitats,  their 
concerns  apply  equally  to  transplants  of  wild-bred  individuals. 
Biologists  working  with  endangered  species  always  are  confronted 
with  their  own  relative  ignorance  about  the  biology  and  ecology 
of  the  organism  of  concern.  Continued  collaborative  research 
by  the  state  game  departments  of  Virginia  and  Maryland  and  the 
U.  S.  Fish  and  Wildlife  Service  will  be  vital  to  addressing  the 
issues  outlined  above.  Only  by  addressing  these  issues,  however, 
can  we  hope  to  achieve  the  goal  of  restoring  the  Delmarva  fox 
squirrel  to  secure  status  throughout  its  former  range. 
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ABSTRACT 

The  Virginia  Natural  Heritage  Program  (VANHP)  was 
established  through  a  contract  between  The  Nature 
Conservancy  and  the  Commonwealth  of  Virginia  in 
November  1986,  making  it  the  44th  of  47  states  to 
install  a  Natural  Heritage  Program.  These  biological 
inventories  collect  and  disseminate  information  on  rare 
plants,  animals,  and  natural  communities.  Some  525 
species  of  Virginia's  rare  animals,  590  species  of 
plants,  and  40  natural  community  types  are  monitored. 
Site-specific  biological  data  on  the  occurrences  of 
each  species  are  collected  from  the  literature,  museum 
searches,  state  experts,  and  other  secondary  sources 
and  incorporated  into  a  system  of  manual,  map,  and 
computer  databases.  The  program  is  also  responsible 
for  assigning  ranks  to  each  species  that  indicate  its 
rarity  at  the  state  and  global  level.  These  ranks  are 
used  to  prioritize  those  species  in  need  of  field 
status  surveys  and  protection  efforts.  The 
information,  contained  in  interlocking  databases,  is 
easily  retrieved  for  users.  The  VANHP  responds  to 
approximately  75  requests  per  month  from  public  and 
private  agencies.  The  data  are  also  used  to  set 
conservation  priorities  by  identifying  Virginia's 
finest  natural  areas.  Administered  by  the  Department 
of  Conservation  and  Historic  Resources,  the  VANHP  is 
working  closely  with  the  Department  of  Game  and  Inland 
Fisheries  on  animals  of  special  concern  and  with  the 
Department  of  Agriculture  and  Consumer  Services  on  rare 
plants  and  insects. 


INTRODUCTION 

The  Virginia  Natural  Heritage  Program  (VANHP)  was 
established  through  the  joint  efforts  of  The  Nature  Conservancy 
and  the  Commonwealth  of  Virginia.  The  goal  of  the  VANHP  is  to 
develop  an  easily  accessible,  constantly  updated  database  that 
reflects  the  current  status  of  biological  diversity  on  Virginia's 
landscape . 

The  Nature  Conservancy  is  a  major,  private  conservation 
organization  that  specializes  in  ecological  data  management  for 
the  preservation  of  natural  lands.  For  over  a  decade  this 
organization,  in  partnership  with  state  governments,  has  been 
pursuing  biological  inventory  in  a  unique  and  systematic  manner. 
Called  State  Natural  Heritage  Programs,  these  biological 
inventories  collect  and  disseminate  information  on  the  existence, 
status,  and  precise  locations  of  rare  plants  and  animals  and 
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unique  or  exemplary  natural  communities.  The  data  are  assembled 
into  an  integrated  system  of  databases  that  can  serve  many 
purposes . 

Natural  Heritage  Programs  are  typically  located  in  state 
capitals  where  their  databases  can  be  conveniently  used  by 
various  state  land-managing  agencies  along  with  federal  and 
private  users.  The  success  of  Heritage  methodology  is  reflected 
in  state  acceptance  and  recognition  that  a  centralized, 
continually  updated  inventory  that  details  specific  locality 
information  is  critical  to  successful  long-term  planning  and 
management.  Heritage  Programs  have  been  established  in  forty- 
seven  states,  in  Canada,  and  almost  half  of  the  Latin  American 
countries.  The  Natural  Heritage  network  has  made  disparate 
information  within  a  state  comprehensible  and  consistent,  and  has 
facilitated  the  sharing  of  ecological  data  across  state  and 
national  boundaries. 

The  Virginia  Natural  Heritage  Program  operated  for  its  first 
year  at  the  national  office  of  The  Nature  Conservancy,  where  it 
was  developed  as  a  model,  incorporating  and  testing  the 
improvements  in  database  management  that  are  now  applied  by 
Natural  Heritage  Programs  across  the  nation.  The  Nature 
Conservancy's  efforts  to  place  a  Natural  Heritage  Program  in 
Virginia  culminated  in  a  contract  signing  in  Governor  Baliles' 
office  in  August  of  1986.  The  VANHP  was  established  in  Richmond 
in  November  of  1986  and  is  administered  by  the  Department  of 
Conservation  and  Historic  Resources.  Other  cooperating  agencies 
include  the  Department  of  Game  and  Inland  Fisheries,  the 
Department  of  Agriculture  and  Consumer  Services,  and  the  Council 
on  the  Environment.  In  July  1987  a  Memorandum  Of  Agreement  was 
signed,  formalizing  the  relationship  of  the  VANHP  with  the  Plant 
Protection  Bureau  of  the  Department  of  Agriculture  and  Consumer 
Services  for  cooperative  efforts  under  the  Virginia  Endangered 
Plant  and  Insect  Act.  A  similar  agreement  covering  animals  is 
being  developed  with  the  Department  of  Game  and  Inland  Fisheries. 

Many  states,  recognizing  the  usefulness  of  their  Natural 
Heritage  Programs,  have  made  them  state  agencies.  Plans  for  the 
incorporation  of  the  Virginia  Natural  Heritage  Program  within  the 
Department  of  Conservation  and  Historic  Resources  have  been 
developed  and  will  be  put  before  the  General  Assembly  during  its 
1988  session. 

PROGRAM  METHODOLOGY 

The  Elements  of  Natural  Diversity 

The  methods  of  data  collection  and  management  are  consistent 
among  all  Natural  Heritage  Programs.  The  initial  step  is  to 
decide  which  elements  of  natural  diversity  (species,  natural 
communities,  geologic  features,  etc.)  need  to  be  inventoried.  It 
is  both  impractical  and  unnecessary  to  complete  an  inventory  of 
every  population  of  each  species  in  the  state,  so  a  more 
pragmatic  approach  is  used  in  an  attempt  to  capture  the  full 
spectrum  of  Virginia's  biological  diversity.  The  preservation  of 
natural  communities  (such  as  spruce-fir  forests,  tidal  wetlands, 
and  shale  barrens)  acts  much  like  a  coarse  filter.  If  adequate 
examples  of  each  of  Virginia's  natural  community  types  are 
protected,  the  majority  of  the  species  native  to  the  state  will 
be  preserved  because  they  are  among  the  usual  components  of  these 
communities.  On  the  other  hand,  because  some  species  are 
exceedingly  rare,  or  are  denizens  of  very  uncommon  habitat  types, 
a  list  of  rare  plants  and  animals  is  also  compiled.  Careful 
monitoring  of  these  species  acts  as  a  fine  filter  to  capture  the 
rarest  10  to  15%  of  the  Commonwealth's  biota. 

Natural  Heritage  Programs  rely  heavily  upon  the  input  of 
state  experts  in  developing  lists  of  rare  species.  Through  every 
phase  of  the  inventory  the  lists  remain  flexible  and  elements  are 
added  or  deleted  as  the  growing  body  of  knowledge  directs.  Our 
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Table  1.  Element  ranks  used  by  the  Virginia  Natural  Heritage 
Program.  Each  element  (animal  species,  plant  species,  or 
natural  community)  monitored  by  the  VANHP  is  assigned  a 
global  rank  and  a  state  rank.  These  ranks  reflect  the 
rarity  of  the  element,  respectively,  in  the  world  and  within 
the  state  of  Virginia.  Global  ranks  begin  with  the  letter  G 
while  state  ranks  begin  with  an  S.  The  meanings  of  these 
ranks  are  defined  below  as  they  apply  on  the  state  level, 
global  ranks  are  similar  (e.g.  a  G1  species  is  critically 
imperiled  globally) .  Where  the  rarity  of  an  element  is 
uncertain,  but  is  known  to  fall  within  a  range  of  ranks, 
this  is  denoted  with  a  combination  rank,  e.g.  S1S2.  When  a 
global  rank  is  applied  to  a  subspecies,  the  rank  of  the  full 
species  is  noted  along  with  that  of  the  subspecies,  e.g. 
G3T1 .  Taxonomic  uncertainties  are  denoted  with  a  Q,  e.g. 
S2Q . 

51  -  Critically  imperiled  because  of  extreme  rarity. 

52  -  Imperiled  because  of  rarity. 

53  -  Rare  or  uncommon. 

54  -  Apparently  secure.* 

55  -  Demonstrably  secure.* 

SA  -  Accidentals,  (e.g.  European  strays).* 

SE  -  Exotic,  not  native  to  state.* 

SH  -  Historical  records  exist,  but  no  recent  sightings. 

SU  -  Uncertain  status. 

SX  -  Apparently  extirpated  from  state. 


*  Not  actively  monitored  by  the  VANHP. 


lists  currently  include  some  590  species  of  plants,  525  species 
of  animals,  and  40  natural  community  types. 

Element  Priority  Ranking 

Once  the  list  of  elements  in  each  category  is  compiled,  each 
element  is  ranked  in  order  of  its  overall  priority  for  inventory 
and  protection  efforts.  A  scale  of  1  to  5  is  utilized  and 
species  are  ranked  from  both  a  state  (S)  and  a  global  (G) 
perspective  according  to  rarity,  number  of  individuals, 
population  viability,  and  threats.  A  rank  of  SI  is  assigned  to 
an  element  that  is  critically  imperiled  in  the  state  because  of 
extreme  rarity,  whereas,  a  rank  of  S5  is  given  to  an  element  that 
is  demonstrably  secure  (Table  1) .  Global  ranks  are  similar,  but 
refer  to  a  given  species'  rarity  throughout  its  total  range. 
Tables  2  and  3  list,  respectively,  the  globally  rare  (G1  through 
G3 )  plants  and  vertebrates  currently  monitored  by  the  VANHP. 

For  example,  the  Peaks  of  Otter  Salamander  ( Plethodon 
hubrichti  Highton) ,  a  Virginia  endemic  known  from  only  a  single 
locality,  has  a  rank  of  Gl/Sl  and  consequently  receives  the 
highest  priority.  Although  the  Pygmy  Salamander  ( Desmognathus 
wrighti  King)  is  also  very  rare  in  Virginia  (ranked  SI)  it  is 
apparently  secure  over  its  entire  range  (G4)  and  receives 
somewhat  lower  priority.  Some  species,  such  as  the  Red-backed 
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Table  2.  Globally  rare  plants  monitored  by  the  Virginia  Natural 
Heritage  Program. 


Scientific  Name 

State 

Global 

State 

Federal 

Rank1 

Rank1 

Status2 

Status3 

Abies  fraseri 

S2 

G3 

C2 

Aconitum  reclinatum 

S2S3 

G2 

Aeschynomene  virginica 

S2 

G2 

C 

C2 

Allium  oxyphilum 

su 

G3Q 

C2 

Amaranthus  pumilus 

SI 

G2 

C2 

Anemone  berlandieri 

SI 

G2Q 

Anemone  minima 

S3 

G3 

3C 

Arabis  serotina 

SI 

G1Q 

C 

C2 

Aster  schistosus 

SU 

G1Q 

C2 

Bacopa  simulans 

SI 

G1Q 

C2 

Bacopa  stragula 

SI 

G1 

c 

C2 

Betula  uber 

SI 

G1Q 

LE 

LE 

Botrychium  alabamense 

SI 

G3 

Buckleya  distichophylla 

S2 

G2 

C 

C2 

Calamovilfa  brevipilis 

SX 

G3 

C2 

Cardamine  clematitis 

S3S4 

G3 

Car  ex  barrattii 

SI 

G3 

C2 

Car ex  chapmanii 

SH 

G3 

C2 

Carex  polymorpha 

SI 

G2 

c 

C2 

Carex  purpurifera 

SI 

G3 

3C 

Carex  schweinitzii 

SI 

G3 

Cassia  fasiculata  var 

macrosperma 

S1S2 

G5T1Q 

C2 

Cheilanthes  castanea 

S2 

G2Q 

Chelone  cuthbertii 

S2 

G3 

Cimicifuga  rubifolia 

S3 

G3 

C2 

Clematis  addisonii 

S2 

G2 

3C 

Clematis  coactilis 

S3 

G3 

Clematis  viticaulis 

SI 

G2 

C2 

Collinsonia  verticillata 

SI 

G2G3 

Cyperus  granitophilus 

SI 

G3 

3C 

Diphylleia  cymosa 

S2 

G3 

Echinacea  laevigata 

S2 

G2 

C2 

Eriocaulon  parkeri 

S2S3 

G3 

C2 

Euphorbia  purpurea 

SI 

G2 

C2 

Fimbristylis  perpusilla 

SI 

G2 

c 

Cl 

Gaylussacia  brachycera 

SI 

G2 

3C 

Gentiana  autumnalis 

SH 

G3 

3C 

Habenaria  leucophaea 

SI 

G2 

C2 

Helenium  virginicum 

SI 

G2 

c 

C2 

Helonias  bullata 

SI 

G2 

c 

C2 

Heuchera  alba 

SI 

G2Q 

Heuchera  parvi flora 

S2S3 

G3 

Hexastylis  lewisii 

S3 

G3 

C2 

Hypericum  mitchellianum 

SI 

G3 

Hypoxis  longii 

SH 

G2Q 

3C 

Ilex  collina 

SI 

G3 

c 

C2 

Iliamna  corei 

SI 

G1Q 

LE 

Iliamna  remota 

SI 

G1 

C2 

Isoetes  virginica 

SI 

G1G3 

C2 

Isotria  medeoloides 

SI 

G2 

LE 

LE 

Juncus  caesariensis 

SI 

G2 

C2 

Lechea  maritima  var  virginica 

S2 

G5T2 

3C 

Lilaeopsis  carolinensis 

SI 

G3 

C2 

Li  Hum  grayi 

S2 

G2 

C2 

Micranthemum  micranthemoides 

SH 

GH 

Cl 

Nestronia  umbellula 

S1S2 

G2G3 

c 

C2 

Nuphar  sagitti folium 

SI 

G3 

Oenothera  argillicola 

S3 

G3 
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Table  2,  cont'd. 


Scientific  Name 

State 

Global 

State 

Federal 

Rank1 

Rank1 

Status2 

Status3 

Parnassia  grandi folia 
Paronychia  virginica  var 

S1 

G2G3 

virginica 

SI 

G4T1Q 

C2 

Paxistima  canbyi 

S2 

G2 

C2 

Phlox  buckleyi 

S2S3 

G2G3 

3C 

Plantago  cordata 

SX 

G3 

C2 

Poa  paludigena 

SI 

G1 

C2 

Portulaca  smallii 

SI 

G2G3 

3C 

Potamogeton  tennesseensis 

S1S2 

G3 

Prenanthes  roanensis 

S3 

G3 

3C 

Prunus  alleghaniensis 

S2 

G3 

3C 

Psilocarya  nitens 

SI 

G3 

Pycnanthemum  torrei 

S2S3 

G2Q 

Pyxidanthera  barbulata 

S2 

G3 

Rhexia  aristosa 

su 

G2G3 

C2 

Rhododendron  cumber landense 

S3 

G3Q 

Rhynchospora  pallida 

SX 

G2G3 

Rudbeckia  heliopsidis 

SI 

G2 

C2 

Saturej a  glabella 

SI 

G3Q 

Saxifraga  careyana 

S1S2 

G3Q 

C2 

Saxifraga  caroliniana 

S2 

G2G3Q 

C2 

Schwalbea  americana 

SH 

G2 

C2 

Scirpus  ancistrochaetus 

SI 

G1 

C 

C2 

Scirpus  flaccidifolius 

S1S2 

G1G2Q 

3C 

Sida  hermaphrodita 

SI 

G3 

3C 

Sida  inflexa 

SH 

GHQ 

C2 

Silene  ovata 

SI 

G3 

Solidago  harrisii 

S2 

G3Q 

3C 

Solidago  rupestris 

SI 

G2Q 

Spiraea  virginiana 

SI 

G1 

C 

C2 

Sullivantia  sullivantii 

SI 

G3Q 

3C 

Synandra  hispidula 

S2 

G3 

C2 

Thalictrum  steeleanum 

S2 

G2Q 

c 

C2 

Tomanthera  auriculata 

SU 

G2 

C2 

Tri folium  sp.  nov. 

SI 

G2 

Tri folium  virginicum 

Trillium  pusillum  var 

S3 

G3 

C2 

monticulum 

SI 

G3T1Q 

C2 

Trillium  pusillum  var 

virginianum 

S2S3 

G3T2 

C2 

Vitis  rupestris 

S3 

G3Q 

1  See  Table  1 

2  Status  under  the  Virginia  Endangered  Plant  and  Insect  Act: 

LE  =  Listed  Endangered 
LT  =  Listed  Threatened 
C  =  Candidate 

3  Status  under  the  Federal  Endangered  Species  Act: 

LE  =  Listed  Endangered 
LT  =  Listed  Threatened 
PE  =  Proposed  Endangered 
PT  =  Proposed  Threatened 
Cl  =  Category  1  Candidate 
C2  =  Category  2  Candidate 
3C  =  Former  Candidate 
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Table  3.  Globally  rare  vertebrates  monitored  by  the  Virginia 
Natural  Heritage  Program. 


Scientific  Name 

State 

Global 

State 

Federal 

Rank1 

Rank1 

Status2 

Status3 

Fish 

Acipenser  brevirostrum 

sx 

G3 

LE 

LE 

Acipenser  oxyrhynchus 

S2 

G3 

Ambloplites  cavifrons 

S3 

G3 

Ammocrypta  clara 

SI 

G3 

Cottus  baileyi 

S2 

G2 

Cyprinella  labrosa 

SH 

G3 

Cyprinella  monacha 

SI 

G2 

LT 

LT 

Etheostoma  acuticeps 

SI 

G3 

LE 

C2 

Etheostoma  camurum 

S2 

G3 

Etheostoma  chlorobranchium 

SI 

G3 

Etheostoma  cinereum 

SH 

G2 

Etheostoma  collis 

S2 

G3 

LE 

Etheostoma  kanawhae 

S3 

G3 

Etheostoma  longimanum 

S3 

G3 

Etheostoma  osburni 

S2 

G3 

C2 

Etheostoma  podostemone 

S3 

G3 

Etheostoma  sp.  nov. 

SI 

G1 

Etheostoma  swannanoa 

S2 

G3 

Etheostoma  tippecanoe 

SI 

G3 

LE 

Hybopsis  cahni 

SI 

G2 

LT 

LT 

Hypentelium  roanokense 

S3 

G3 

Ichthyomyzon  bdellium 

S2 

G3 

Ichthyomyzon  greeleyi 

S2 

G3 

Moxostoma  ariommum 

S3 

G2 

Moxostoma  hamiltoni 

S2 

G2 

3C 

Moxostoma  robustum 

SH 

G3 

Notropis  ariommus 

S3 

G3 

Notropis  semperasper 

S3 

G3 

Noturus  flavipinnis 

SI 

G2 

LT 

LT 

Noturus  gilberti 

SI 

G2 

Cl 

Percina  aurantiaca 

S3 

G3 

Percina  burtoni 

SI 

G2 

Percina  macrocephala 

S1S2 

G3 

C2 

Percina  rex 

S1S2 

G2 

Cl 

Phenacobius  crassilabrum 

S2 

G3 

Phenacobius  teretulus 

S3 

G3 

C2 

Amphibians 

Aneides  aeneus 

S3 

G3 

C2 

Plethodon  hubrichti 

S2 

G2 

C2 

Plethodon  kentucki 

S3 

G3 

Plethodon  punctatus 

S2 

G2 

C2 

Plethodon  Shenandoah 

SI 

G1 

LE 

C2 

Reptiles 

Caretta  caretta 

S1S2 

G3 

LT 

LT 

Chelonia  mydas 

SU 

G3 

LT 

LT 

Dermochelys  coriacea 

SI 

G3 

LE 

LE 

Eretmochelys  imbricata 

SU 

G3 

LE 

LE 

Lepidochelys  kempi 

SI 

G1 

LE 

LE 

Birds 

Aimophila  aestivalis 

SX 

G3 

C2 

Charadrius  melodus 

S2 

G2 

LT 

LT 

Falco  peregrinus 

SI 

G3 

LE 

LE 

Haliaeetus  leucocephalus 

S3 

G3 

LE 

LE 

Lanius  ludovicianus  migrans 

SI 

G4T2 

LE 

C2 
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Table  3.  Cont'd. 


Scientific  Name 

State 

Global 

State 

Federal 

Laterallus  j amaicensis 

Rank1 

S2 

Rank1 

G3 

Status2 

Status3 

Picoides  borealis 

SI 

G2 

LE 

LE 

Sterna  dougallii 

SX 

G3 

Cl 

Mammals 

Blarina  brevicauda  telmalestes 

S3 

G5T3 

3C 

Felis  concolor  couguar 

SX 

G4TH 

LE 

LE 

Glaucomys  sabrinus  coloratus 

SI 

G5T1 

LE 

LE 

Glaucomys  sabrinus  fuscus 

SI 

G5T2 

LE 

LE 

Myotis  grisescens 

SI 

G2 

LE 

LE 

My otis  leibii 

SI 

G3 

C2 

Myotis  sodalis 

SI 

G3 

LE 

LE 

Plecotus  townsendi  virginianus 

SI 

G5T2 

LE 

LE 

Sciurus  niger  cinereus 

SI 

G5T2 

LE 

LE 

Sorex  longirostris  fisheri 

SI 

G5T1T3 

LT 

LT 

Sorex  palustris  punctulatus 
Sylvilagus  floridanus 

SI 

G5T3 

C2 

hitchensi 

SH 

G5THQ 

C2 

Synaptomys  cooperi  helaletes 

S3 

G5T3 

3C 

1  See  Table  1 

2  Status  under  the  Virginia  Endangered  Species  Act: 

LE  =  Listed  Endangered 
LT  =  Listed  Threatened 

3  Status  under  the  Federal  Endangered  Species  Act: 

LE  =  Listed  Endangered 
LT  =  Listed  Threatened 
PE  =  Proposed  Endangered 
PT  =  Proposed  Threatened 
Cl  =  Category  1  Candidate 
C2  =  Category  2  Candidate 
3C  =  Former  Candidate 


Salamander  ( Plethodon  cinereus  (Green) )  are  demonstrably  secure 
throughout  (G5/S5)  and  consequently  are  not  actively  monitored  by 
the  program. 

The  VANHP  is  now  tracking  52  G1  and  531  SI  taxa.  Giving 
first  priority  to  the  species  that  rank  the  highest,  the  staff  is 
accumulating  and  processing  information  on  the  rarest  species  of 
Virginia.  In  addition,  these  ranks  are  used  for  setting 
preservation  priorities,  planning  status  survey  work,  and  the 
preparation  of  listing  packages  for  State  or  Federal  Endangered 
species . 

Data  Management  System 

The  central  unit  of  data  in  the  Natural  Heritage  Program  is 
termed  the  "element  occurrence",  a  specific  locality  that 
supports  one  of  the  listed  elements.  For  example,  the  site  of 
the  rare  Clinch  River  mussel  Quadrula  intermedia  Conrad 
(Cumberland  monkeyface)  near  Pendleton  Island  in  Scott  County  is 
an  element  occurrence.  Likewise,  a  population  of  Trifolium 
virginicum  Small  (Kate's  Mountain  Clover)  on  a  shale  barren  near 
Clifton  Forge  in  Alleghany  County,  is  also  an  element  occurrence. 
Sources  for  such  site-specific  information  include  specimen 
labels,  herbarium  sheets,  the  scientific  literature,  personal 
communications  from  experts,  and  field  surveys. 
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For  each  element  occurrence  a  manual  and  computerized  record 
(the  Element  Occurrence  Record)  is  completed.  This  includes,  in 
addition  to  the  scientific  and  common  names  of  the  element,  such 
information  as  the  element's  location,  notes  on  the  status  of  the 
population,  a  site  description,  threats  to  the  site,  the  date  of 
observation  or  collection,  the  name  of  the  source  supplying  that 
record,  and  ownership  information.  Given  the  importance  of  site- 
specific  information,  the  Element  Occurrence  Record  includes 
fields  for  recording  latitude  and  longitude,  the  USGS  quadrangle, 
county,  physiographic  province,  and  watershed. 

Because  these  records  are  computerized,  data  can  be  sorted 
and  retrieved  by  any  of  the  65  fields  on  the  Element  Occurrence 
Record.  For  example,  a  printout  of  information  on  all  known 
localities  for  the  Piping  Plover  ( Charadius  melodus  Ord)  in 
Virginia  is  readily  obtained.  Should  a  summary  be  needed  of  all 
known  occurrences  of  this  element  in  Accomack  County,  or  in  a 
specific  quadrangle  in  Accomack  County,  this  too  is  easily 
available.  Any  combination  of  information  on  these  records  can 
be  used  to  search  and  order  the  database.  This  information  can 
be  reported  in  a  format  tailored  to  fit  a  specific  need. 

In  addition  to  this  computerized  file,  the  Heritage  Program 
also  maintains  a  complete  set  of  USGS  7.5-minute  topographic  maps 
for  Virginia  on  which  the  exact  location  of  each  element 
occurrence  is  marked.  Boundaries  of  the  suitable  habitat  for  the 
element  at  that  location  are  included  when  appropriate.  Each 
mapped  location  is  numbered  and  referenced  to  an  entry  in  the 
margin  of  the  map  that  tells  what  it  represents,  be  it  the 
location  for  a  rare  plant,  animal,  or  community  type.  For  each 
map  a  corresponding  file  folder  is  maintained  (referred  to 
collectively  as  the  Geographic  Manual  File)  in  which  all 
materials  pertaining  to  that  particular  map  are  stored. 

These  are  the  core  files  of  the  Natural  Heritage  Program, 
but  three  other  files  can  be  mentioned  briefly:  the  Element  File, 
the  Source  File,  and  the  Managed  Area  File. 

The  Element  File  consists  of  one  file  folder  per  element  in 
which  all  the  life-history  information  encountered  on  that 
element  is  placed.  For  example,  the  file  folder  for  the  Virginia 
Big-eared  Bat  ( Plecotus  townsendi  virginianus  Handley)  contains  a 
variety  of  articles  and  text  references  on  the  biology  of  that 
species.  This  information  is  used  repeatedly  by  VANHP  staff  to 
prepare  species  abstracts,  complete  ranking  forms,  summarize 
status  and  threats,  and  in  other  day-to-day  tasks. 

The  Source  File  is  a  collection  of  all  sources  of  use  to  the 
program.  These  include  articles,  books,  maps,  abstracts  on 
knowledgeable  individuals,  and  various  unpublished  materials 
(field  surveys,  field  notes,  reports,  correspondence,  etc.).  For 
each  source  a  Source  Abstract  is  completed.  These  abstracts 
list  the  citation  of  the  source,  the  subjects  it  treats,  its 
geographical  coverage,  and  where  it  is  filed.  Thus,  we  have  on 
file  a  list  of  written  sources  and  Virginia  experts  on  almost  any 
field  of  natural  history. 

The  Managed  Area  File  consists  of  one  folder  for  each  area 
in  Virginia  managed  by  a  conservation  organization  or  state, 
federal,  or  local  agency.  Thus,  there  is  a  folder  for  each 
National  Wildlife  Refuge,  State  Park,  Nature  Conservancy 
preserve,  etc.  Information  such  as  maps,  regulations,  species 
lists,  and  correspondence  is  kept  in  these  files. 

The  VANHP ' s  databases  now  contain  over  2300  element 
occurrences  (Table  4).  New  and  updated  information  is 
continuously  being  added  to  the  databases. 

Users  of  the  Data 

One  of  the  keys  to  the  success  of  Natural  Heritage  Programs 
is  the  impartiality  of  their  data  and  the  ease  with  which  this 
information  can  be  retrieved.  Because  these  data  can  be  used  to 
help  avert  environmental  conflicts  before  they  arise,  the  VANHP 
is  appreciated  by  both  commercial  and  environmental  interests. 
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Table  4.  Element  Occurrences  in  the  Virginia  Natural  Heritage 

Program  database  as  of  28  October  1987,  by  physiographic 
province . 


Physiographic 

Province 

Plants 

Verte¬ 

brates 

Invert¬ 

ebrates 

Communities 
and  Other 

Total 

Eastern  Shore 

19 

15 

3 

30 

67 

Coastal  Plain 

340 

158 

15 

3 

516 

Piedmont 

91 

19 

30 

9 

149 

Blue  Ridge 

171 

61 

14 

31 

277 

Ridge  &  Valley 

407 

239 

363 

215 

1224 

Cumberland 

Plateau 

23 

13 

34 

15 

85 

Total 

1051 

505 

459 

303 

2318 

For  these  reasons,  state  agencies  and  organizations  routinely 
choose  to  consult  Heritage  Programs  for  environmental  reviews  in 
the  state.  In  its  first  year  of  operation,  the  VANHP  has 
responded  to  over  700  requests  for  information  (Figure  1)  ,  and 
this  demand  continues  to  increase. 

Natural  Heritage  Programs  have  Memoranda  of  Agreement  with 
many  federal,  state,  and  private  organizations.  The 
Congressional  Office  of  Technology  Assessment  recently  cited  the 
Heritage  network  to  Congress  as  the  leading  effort  in 
biodiversity  data  management.  A  number  of  state  governments  have 


Figure  1. 

Breakdown  of  users  of  the  VANHP  during  its  first  10  months  of  operation. 
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given  state  Heritage  Programs  the  authority  to  coordinate  and 
conduct  research  on  federal-  and  state-listed  rare  species. 

The  Virginia  Department  of  Agriculture  and  Consumer  Services 
relies  on  the  Virginia  Natural  Heritage  Program  to  conduct  field 
status  surveys  and  to  provide  recommendations  for  listing  of 
plant  and  insect  species  for  legal  protection  in  Virginia.  The 
VANHP  has  been  working  closely  with  the  Department  of  Game  and 
Inland  Fisheries  on  animals  of  special  concern  that  may  be  given 
protection  under  state  law.  Environmental  reviews  are  frequently 
coordinated  with  other  state  agencies,  such  as  the  Council  on  the 
Environment,  Department  of  Transportation,  and  the  Marine 
Resources  Commission.  Federal  agencies  such  as  the  Fish  and 
Wildlife  Service,  Forest  Service,  and  National  Park  Service 
routinely  use  information  provided  by  the  VANHP.  In  addition, 
many  county  and  regional  planning  agencies  have  requested 
information  on  rare  species  within  their  jurisdictions. 

In  a  more  active  conservation  mode,  the  VANHP  helps 
determine  conservation  priorities  within  Virginia.  It  is 
particularly  important  to  focus  preservation  efforts  on  those 
select  places  that  contain  fine  examples  of  irreplaceable 
biological  resources.  The  VANHP  serves  this  critical  need  by 
helping  to  identify  these  sites.  This  identification  process 
involves  an  analysis  of  the  entire  database  summarized  in  a 
"natural  diversity  scorecard".  Here  elements  (rare  plants, 
animals,  and  natural  communities)  are  listed  in  order  of  their 
relative  rarity.  For  each  element  on  the  scorecard,  all  known 
occurrences  and  the  protection  status  of  the  sites  where  they  are 
found  are  listed.  The  result  is  a  clear,  objective  picture  of 
what  the  rarest  and  unique  natural  features  are  and  where  they 
can  best  be  protected.  With  the  sites  determined,  the 
appropriate  level  of  protection  can  be  decided  upon.  The  most 
critical  of  these  sites  may  be  acquired  or  protected  through  a 
variety  of  conservation  tools  such  as  easements  and  voluntary 
registration. 

Since  the  VANHP  maintains  information  on  public  as  well  as 
private  lands,  significant  areas  on  public  property  can  be 
identified,  then  managed  by  government  agencies  through  existing 
agency  programs.  Data  provided  by  the  VANHP  gives  the  Department 
of  Conservation  and  Historic  Resources  additional  knowledge  in 
Scenic  River  designation,  and  in  State  Park  and  Natural  Area 
management.  The  VANHP  also  complements  the  Historic  Landmark  and 
Cave  Protection  Programs,  the  Chesapeake  Bay  Program,  and  the 
work  of  the  Virginia  Outdoors  Foundation. 

By  coupling  traditional  land  acquisition  techniques  with 
administrative  and  voluntary  protection  by  landowners,  the 
components  of  Virginia's  natural  diversity  can  be  safeguarded  in 
ways  that  best  fit  the  particular  situation.  In  order  to  justify 
conservation  priorities  now  and  in  the  coming  years  and  in 
keeping  with  the  Department  of  Conservation  and  Historic 
Resources'  mission  of  natural  resource  stewardship,  the 
substantial,  objective  ecological  database  of  the  Virginia 
Natural  Heritage  Program  is  an  invaluable  asset. 
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Abstract 

Localities  or  regions  may  be  of  special  concern 
either  because  they  contain  rare  or  endangered 
organisms  or  because  in  the  lack  of  direct  evidence 
they  are  suspected  of  having  such  status.  The  latter 
category  is  no  less  critical,  and  many  places  require 
baseline  biotic  surveys  lest  their  inhabitants  be 
jeopardized  or  lost  by  default.  Some  areas  in  both 
categories  are  summarized  and  located  on  a  state  map 
with  comments  about  their  claims  for  consideration  in 
the  development  of  preservation  or  management  programs. 
Many  of  the  areas  involved  support  more  than  one 
organism  of  special  concern  status.  Locating, 
sampling,  and  evaluating  such  sites  will  entail  far 
greater  efforts  and  investment  than  is  currently  being 
expended . 


Preservation  of  specific  biotopes  has  always  been  an 
important  consideration  in  the  protection  of  rare,  endangered,  or 
threatened  species.  In  recent  decades  increasing  attention  has 
been  given  to  the  desireability  of  extending  protection  to 
particular  regions  or  habitats  for  their  own  intrinsic  value, 
since  communities  so  sheltered  often  include  a  substantial  number 
of  interesting  organisms  in  addition  to  those  at  risk.  Obviously 
the  merit  of  the  area-protection  approach,  with  respect  to  both 
cost  and  effort  effectiveness,  is  beyond  question.  It  is 
likewise  obvious  that  biotopes,  habitats,  and  communities— 
particularly  those  within  limited  political  areas — are  as 
vulnerable  to  destruction  as  individual  species,  which  lends  a 
degree  of  urgency  to  the  task  of  identifying  and  locating  those 
most  in  danger  of  degradation  or  loss. 

The  first  comprehensive  local  treatment  of  this  general 
subject  was  that  prepared  by  Alicia  V.  Linzey  about  a  decade  ago 
for  inclusion  in  the  symposium  volume  "Endangered  and  Threatened 
Plants  and  Animals  of  Virginia"  (Linzey,  1979).  In  providing  a 
general  overview  based  on  then-available  knowledge  and  organized 
on  a  geographic  basis  with  lists  of  significant  organisms,  Dr. 
Linzey' s  account  provided  such  an  excellent  baseline  that  the 
following  observations  can  be  justified  only  to  the  extent  that 
they  touch  on  a  point  not  developed  in  her  treatment,  namely  the 
identification  of  some  areas  known,  or  suspected,  by  me  to  merit 
immediate  investigation  of  their  biota  with  a  view  toward 
development  of  protective  measures.  Fluvial  habitats  of  concern 
were  treated  in  considerable  detail  by  R.  E.  Jenkins  in  the 
symposium  volume  mentioned  above. 

For  this  reason,  I  exclude  reference  to  those  places  already 
known  to  harbor  organisms  whose  occurrence  in  Virginia  is  both 
limited  and  liable  to  disruption:  in  most  instances  the 
significance  of  such  areas  has  already  been  perceived  and  has 
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instigated  some  degree  of  protection  or  concern.  Outstanding  in 
this  respect  are  the  Great  Dismal  Swamp,  Back  Bay,  and  the  few 
remaining  natural  areas  in  the  Norfolk-Virginia  Beach  region;  the 
spruce-fir  biome  of  Mount  Rogers  and  Whitetop;  various  tidal 
lands  and  estaurine  rivers  of  the  Coastal  Plain,  and  above  all, 
the  Powell,  Clinch,  and  Holston  rivers  with  their  highly  diverse 
populations  of  turtles,  fishes,  crustaceans,  and  mollusks. 
Protection  of  the  faunas  of  these  rivers  requires,  I  think  with 
nearly  universal  concensus,  the  highest  position  in  Virginia's 
conservation  priorities.  And  to  a  substantial  extent,  the  often 
very  restricted  or  endemic  faunas  of  caves  have  been  at  least 
located,  and  potential  threats  identified,  through  the  efforts 
especially  of  J.  R.  Holsinger. 

It  is  with  two  other  kinds  of  areas  that  I  am  particularly 
concerned,  and  to  which  I  now  direct  special  attention. 


I.  AREAS  OF  KNOWN  SIGNIFICANCE 


The  following  commentary  intends  only  to  put  on  record  a 
number  of  sites  or  larger  regions  which,  during  the  past  forty 
years  of  field  exploration  for  soil  arthropods  in  Virginia,  have 
impressed  me  forcibly  as  meriting  further  investigations  and 
possibly,  as  a  result  thereof,  of  consideration  for  some  level  of 
protected  status.  Certainly  other  field  biologists  familiar  with 
the  biota  of  Virginia  could  add  many  such  places  from  their  own 
experience,  in  addition  to  concurring  with  most  of  my  choices. 
Numbers  used  parenthetically  in  the  following  account  are  used  to 
identify  the  sites  on  the  map  (Fig.  1). 


Coastal  Plain 


In  my  view,  the  area  of  Tidewater  Virginia  most  worthy  of 
immediate  attention  is  Dragon  Run  Swamp  (Dragon  Swamp  on  some 


maps) ,  which  bisects  the  Middle 
Saluda  to  that  of  Dunnsville,  a 
widths  approaching  one  mile  in 
forest  is  the  northernmost  such 
heavily  logged  in  former  years, 


Peninsula  from  the  vicinity  of 
length  of  about  25  miles.  With 
several  places,  this  riverine 
habitat  in  Virginia.  Although 
the  swamp  still  contains  a  fair 


amount  of  bald  cypress,  and  with  protection  major  recovery  of 
this  species  would  be  possible.  Dragon  Run  and  its  tributaries 
contain  the  northernmost  known  localities  for  the  pinewoods 
treefrog ,  Hy 1 a  f  emor a 1 i s  Bose,  and  the  water  tupelo,  Nyssa 
aquatica  L.,  and  the  similiar  presence  of  other  kinds  of  austral 
organisms  seems  very  probable.  On  the  other  side  of  this  coin, 
the  region  is  the  southernmost  station  for  a  semiaquatic  ground 
beetle,  Diplochei la  assimi lis  LeConte. 

Personal  sampling  of  some  arthropod  taxa  (mostly  ground 
beetles  and  diverse  other  insects)  has  been  limited  and  produced 
mostly  the  expected  lowland  species  so  far,  but  several 
interesting  range  extensions  and  new  state  records  have  been 
established.  More  systematic  collecting  using  light  traps, 
pitfalls,  and  soil  extraction  will  surely  increase  the 
representation  of  such  species.  The  rate  at  which  the  Middle 
Peninsula  is  being  deforested  for  both  agricultural  and 
residential  purposes  imposes  a  note  of  particular  urgency  for 
thorough  biological  surveys.  Emphasis  on  this  region  is  not 
intended  to  slight  the  claims  of  other  cypress  swamps,  but  to 
identify  in  particular  the  geographic  importance  of  Dragon  Run 
and  its  significance  to  Virginia. 


Piedmont  Plateau 


In  most  respects  this  is  the  faunistically  least-known  part 
of  Virginia.  Formerly  intensively  cultivated,  mostly  in  private 
ownership  and  extensively  posted,  its  streams  often  heavily 
silted,  the  Piedmont  is  certainly  not  "collector-friendly"  and  is 
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a  region  usually  passed  over  quickly  by  collectors  going  either 
to  the  coastal  plain  or  the  mountains.  I  am  guilty  of  having 
done  exactly  that  most  of  the  time,  and  have  as  a  result  only  a 
marginal  experience  with  Piedmont  areas  of  biogeographic 
interest.  One  place  worthy  of  future  attention  encompasses  the 
headwaters  of  the  Meherrin  River  in  Lunenberg  County  (2),  where 
occurs  disjunct  populations  of  the  Roanoke  bass,  Ambloplites 
cavi f rons  Cope  and  of  the  pleurocerid  snail  Muda 1 i a  car inata 
(Bruguiere),  whose  Piedmont  distribution  now  appears  to  be  highly 
fragmented.  The  snail  site  is  a  swift  rocky  stream  bordered  with 
stands  of  mountain  laurel  (Kalmia  latif olia  L.),  and  suggests 
itself  as  a  possible  refuge  for  other  aquatic  and  terrestrial 
organisms  more  typically  occurring  in  montane  regions. 


Blue  Ridge 

The  Blue  Ridge  in  Virginia  comprises  two  physiographically 
distinct  units,  each  with  significant  biotic  elements.  North  of 
the  Roanoke  River,  the  Blue  Ridge  is  relatively  narrow  (maximally 
about  eight  miles  across,  typically  much  less)  and  sharply 
defined  by  low  country  on  both  sides.  It  is  inhabited  by  a 
number  of  both  endemic  taxa  and  relict  populations  of  presently 
more  boreal  species.  Endemics  include  three  salamanders, 
Plethodon  hubr ichti  Thurow,  Pj_  Shenandoah  Highton  &  Worthington, 
and  Desmognathus  monticola  jef f ersoni  Hoffman;  a  hydrobiid  snail 
Fontigens  orolibas  Hubricht;  an  amphipod  Stygobromus  spinosus 
Hubricht;  and  the  millipeds  Nannaria  morrisoni  Hoffman  and 
Scytonotus  virginicus  (Loomis).  Relict  populations  isolated  from 
the  main  extent  of  more  northern  or  western  ranges  include  a 
cychrine  beetle,  Sphaeroderus  schaumi  Chaudoir,  a  xystodesmid 
milliped,  Semionellus  plac idus  (Wood),  gray  birch,  Betul a 
populif era  L.,  balsam  fir,  Abies  bal samea  L.  (as  an  endemic 
"variety"),  bearberry,  Arctostaphy los  uva-ursi  L. ,  Twisted-stalk, 
Streptopus  amplexicaulis  (L.),  and  bunchberry,  Cornus  canadensis 
L.  In  most  of  these  cases  the  taxa  mentioned  have  not  been  found 
in  the  folded  Appalachians  of  western  Virginia  but  recur  in  West 
Virginia  at  higher  elevations. 

The  northern  segment  has  been  fairly  well-explored  in  the 
Shenandoah  National  Park,  at  least  as  regards  plants  and 
vertebrates,  but  surely  some  interesting  finds  remain  to  be  made. 
In  particular,  I  think  the  central  Blue  Ridge  between  Rockfish 
Gap  and  the  Roanoke  River  (3)  is  especially  deserving  of  careful 
inventory.  Uncut  remnants  of  original  forest  remain  in  the 
vicinity  of  Mount  Pleasant  (Amherst  County),  for  instance,  and 
it  seems  entirely  likely  that  endemic  members  of  the  soil  fauna 
will  be  found  in  such  places  (some  undescribed  millipeds  are  in 
fact  already  at  hand).  It  is  equally  probable  that  undescribed 
or  rare  aquatic  insects  occur  in  this  region. 

South  of  Roanoke,  the  Blue  Ridge  undergoes  an  abrupt  change 
in  character,  becoming  increasingly  broader  southwestward  to 
encompass  almost  the  entirety  of  Floyd,  Carroll,  and  Grayson 
counties  (4)  as  an  elongate-triangular  tableland  with  a  mean 
elevation  of  about  3000  feet  ASL .  Since  this  upland  wedge 
extends  northward  from  the  mountains  of  North  Carolina,  it  shares 
with  that  state  a  number  of  interesting  species  whose  entire 
Virginia  range  is  confined  to  the  three  counties  named.  These 
include  the  rare  northern  plant  Dalibarda  repens  L. ;  the  bog 
turtle  Clemmys  muhlenbergi  (Schoepf);  the  salamander  Plethodon 
yonahlossee  Dunn;  and  the  milliped  Boraria  stricta  (Brolemann). 
Many  other  species  occur  primarily  in  this  region,  with  a  few 
outlying  disjunct  stations  in  the  Ridge  &  Valley  Province,  and  if 
the  high  mountains  along  the  southwestern  edge  (Mount  Rogers  and 
vicinity)  are  included,  the  number  of  endemic  forms  increases 
substantially . 

Despite  its  proximity  to  several  universities,  the  Virginia 
segment  of  the  southern  Blue  Ridge  remains  very  poorly-known,  and 
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immediate  attention  should  be  devoted  to  the  region  because  of 
the  rate  at  which  the  land  is  being  cleared — as  much  for 
residential  use  as  for  any  other.  With  the  exception  of  the  Blue 
Ridge  Parkway  right-of-way,  there  is  virtually  no  publically 
owned  or  protected  land  in  all  of  Floyd  and  Carroll  counties. 
Clearing,  draining,  and  lumbering  proceed  apace  and  the  original 
character  of  the  region  is  being  lost,  along,  perhaps,  with  some 
of  the  biota.  At  the  northern  end  Poor  Mountain  contains 
extensive  forested  terrain  at  substantial  elevation,  still 
virtually  unexplored  for  its  faunal  components.  The  gorge  of 
Goose  Creek  (below  Twin  Falls)  in  northern  Floyd  County  (5)  has 
already  been  identified  as  a  critical  area  by  the  Virginia 
Heritage  Program,  but  its  biota  remains  very  marginally  known. 
At  the  southern  extremity  of  the  same  county,  Buffalo  Mountain 
(6)  is  likewise  recognized  as  a  disjunct  site  for  numerous 
northern  taxa,  and  the  flowering  plants,  salamanders,  mammals, 
and  a  few  groups  of  arthropods  have  been  surveyed  in  varying 
degrees  of  thoroughness.  Most  of  the  lower  slopes  have  been 
logged  in  recent  decades,  and  the  presence  of  a  road  to  the 
summit  ensures  ongoing  stress  by  constant  human  visitation 
bordering  on  overuse.  The  entire  mountain,  especially  its  upper 
thousand  feet  of  elevation,  merits  the  most  immediate  and 
comprehensive  protection  that  can  be  achieved. 

The  steep  eastern  escarpment  of  the  Blue  Ridge  south  of 
Roanoke  is  notable  at  several  points  in  Patrick  and  Carroll 
counties  for  remarkably  deep  canyons  carved  into  it  by 
eastflowing  streams.  Outstanding  among  these  is  the  "Pinnacles 
of  Dan"  south  of  Vesta  in  Patrick  County  (7),  an  intricate 
entrenched  meander  of  the  upper  Dan  River  cut  to  a  depth  of  1200 
feet  below  the  surrounding  peneplain.  Personal  investigations 
over  the  past  few  decades  have  exposed  some  of  the  more 
conspicuous  species  of  salamanders  (inlandmost  and  highest  record 
for  the  Two-lined,  Eury cea  guttolineata  (Holbrook)  in  Virginia; 
lowest  known  station  for  Plethodon  yonahlossee  in  its  entire 
range)  and  for  soil  arthropods,  but  so  far  the  surface  has 
scarcely  been  scratched.  The  region  derives  a  degree  of  security 
from  its  precipituous  terrain  as  well  as  its  utilization  by  the 
City  of  Danville  as  hydroelectric  facility,  but  no  intentional 
protective  measures  are  in  effect.  Something  certainly  should  be 
developed  and  formalized,  since  techniques  for  lumbering  in 
difficult  situations  are  available  and  the  prospect  poses  an 
ongoing  threat. 

Ridge  &_  Valley  Province 

In  this  part  of  Virginia  local  biotopes  that  harbor 
distinctly  boreal  elements  are  obvious  candidates  for  attention, 
and  those  mentioned  here  are  only  a  few  of  many. 

-  The  extreme  northwestern  corner  of  Highland  County  contains 
a  disjunct  enclave  of  the  George  Washington  National  Forest 
occupying  a  part  of  Alleghany  Mountain  and  the  adjacent  valley  of 
Laurel  Fork  to  the  east.  This  area  is  accessible  at  the  Locust 
Springs  Recreation  Area,  an  undeveloped  camping  site  which  makes 
a  convenient  center  for  field  studies.  Immediately  above  (south 
of)  the  camping  area  the  forest  is  dominated  by  red  spruce, 
otherwise  the  vicinity  is  invested  in  northern  hardwoods  with 
hemlock  and  rhododendron  along  the  streams.  This  is  the  place  at 
which  the  Cheat  Mountain  Salamander,  Plethodon  nettingi  Green,  is 
most  likely  to  occur  if  its  range  includes  any  part  of  Virginia. 
The  headwaters  of  Buck  Creek,  just  east  of  the  camping  site,  are 
impounded  by  a  series  of  beaver  ponds  which  provide  habitat  for  a 
variety  of  aquatic  insects.  Thus  far  the  water  beetles,  caddis 
flies,  and  dragonflies  have  been  sampled  with  some  thoroughness. 
In  the  last-named  group,  studied  by  F.  L.  Carle  (unpublished 
Ph.D.  dissertation,  VPI  &  SU)  a  number  of  species  are  known  in 
this  state  only  from  these  ponds,  some  of  them  at  their 
southernmost  known  localities,  a  few  others  occurring 
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sporadically  in  western  North  Carolina  but  as  yet  not  found 
elsewhere  in  Virginia.  In  the  soil  fauna,  Locust  Springs 
provides  one  of  the  few  known  localities  for  the  minute  mite-like 
opilionid  Siro  exilis  Hoffman,  and  the  southernmost  known  for  the 
ground  beetle  Bembidion  concretum  Casey.  Without  any  doubt, 
continued  collecting  employing  quantitative  techniques  will 
greatly  augment  the  list  of  boreal  taxa  known  from  this  locality. 

Potts  Mountain  bog  (9)  in  the  southern  corner  of  Alleghany 
County  is  known  to  harbor  the  southernmost  known  populations  of  a 
sedge,  S  c i r  p  u  s  ancistrochaetus  Schuyler,  a  ground  beetle, 
Bembidion  f rontale  LeConte,  and  a  dragonfly,  Aeschna  mutata 
also  the  highest  locality  in  this  state  (if  not  the 
at  which  the  marbled  salamander,  Ambystoma  opacum , 
Although  fairly  well  known  botanically,  this 


fauna.  Core 
about  11,000 
swale  on  the 
forest.  It 
for  the 
of  the 

County 
plants 
be  general ly 
the  southwest, 
and  it  seems 


Selys.  It  is 
entire  range) 
has  been  found 

site  has  scarcely  been  touched  for  its  invertebrate 
samples  recorded  by  Watts  (1979)  suggest  an  age  of 
years  for  the  pond,  which  at  present  occupies  a  low 
very  crest  of  Potts  Mountain  in  chiefly  white  oak 
should  not  be  difficult  to  arrange  protective  measures 
bog  and  its  surroundings  through  the  administration 
Jefferson  National  Forest. 

It  is  well  known  that  shale  barrens  from  Craig 
northward  contain  a  number  of  rare  and  often  endemic 
(summary  in  Keener,  1970),  but  seems  not  to 
appreciated  that  extensive  barrens  occur  also  to 
notably  in  Bland,  Scott,  and  Washington  counties 
probable  that  appropriate  survey  work  will  disclose  interesting 
range  extensions  for  argillicolous  plants  such  as  Clematis 
addi soni  Britton  and  Phlox  buckley i  Wherry.  Essentially  the 
entire  central  half  of  Bland  County  (10)  is  a  great  exposure  of 
Devonian  shale,  which  to  the  best  of  my  knowledge,  has  been  only 
marginally  examined  by  botanists.  Fortunately,  much  of  the 
barrens  lie  within  the  Jefferson  Forest,  and  are  in  no  immediate 
danger . 

In  my  opinion,  probably  the  most  interesting  single  natural 
area  in  Virginia  is  the  oval  anticlinal  valley  in  eastern 
Tazewell  County  known  as  Burkes  Garden  (11).  Virtually  the 
entire  floor  of  the  five  by  eight  mile  bowl  is  composed  of  lower 
Palaeozoic  carbonate  rocks  with  a  mean  surface  elevation  of  about 
3000  feet  ASL.  Much  of  the  drainage  is  subsurface,  and  caves  are 
numerous.  Mountains  forming  the  enclosing  rim  average  about  4000 
feet,  with  the  maximum  elevation  of  4705  feet  attained  at  the 
westernmost  end,  a  prominence  locally  called  "Beartown."  A 
substantial  forest  of  red  spruce  once  invested  this  region  prior 
to  logging  and  burn-offs,  fortunately  some  volunteer  regeneration 
of  the  spruce  is  taking  place  and  with  continued  protection  may 
eventually  reproduce  another  evergreen  stand.  National  forest 
holdings  mostly  commence  at  the  rim  crest,  so  that  the  interior 
bowl  and  its  slopes  are  in  private  ownership. 

As  might  be  expected  from  both  its  elevation  and  geographic 
position,  Burkes  Garden  contains  the  southernmost  known 
populations  for  a  number  of  boreal  species  (such  as  the  ground 
beetle  Bembidion  graci lif orme  Hayward)  and  northernmost  for  a 
long  list  of  taxa  otherwise  confined  to  the  Southern  Blue  Ridge 
(e.g.,  the  milliped  Dix ioria  pela  coronata  Hoffman,  ground 
beetles  Pterostichus  1 ubr i c us  LeConte  and  Scaphinotus  guyoti 
LeConte).  It  is  also  the  highest  place  at  which  the  mud 
salamander  Pseudo triton  montanus  Baird  has  been  found,  and 
easternmost  site  for  the  green  salamander  Aneides  aeneus  Cope. 
It  contains  the  type  localities  for  three  kinds  of  millipeds  and 
a  ground  beetle,  as  well  as  for  other  millipeds  and  insects  so 
far  undescribed.  One  of  the  caves  houses  the  only  known  Virginia 


brooding  colony  for 
virginianus  Handley, 
has  been  limited  to  a 
bat  colony  cave,  and 


the  Long-eared  Bat,  Plecotus  townsend i 
So  far,  protection  of  this  remarkable  area 
management  agreement  with  the  owner  of  the 
this  initiative  should  be  extended  as  soon 
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as  possible  to  preserve  the  northern  hardwood  forests  on  the 
eastern  slope  of  Beartown  which  are  exposed  to  constant 
degradation  at  a  low  but  ongoing  level  during  the  summer  months 
by  large  numbers  of  cattle.  As  little  as  500  acres  under  fence 
would  protect  the  majority  of  the  forest  that  contains  many  of 
the  significant  species  referred  to  above,  and  would  provide  a 
stable,  representative  area  for  further  exploration  and  biotic 
survey  work.  Just  across  the  crest  of  Beartown  at  the  headwaters 
of  Laurel  Creek,  is  a  fairly  extensive  (ca.  one-half  mile  long) 
sphagnum  bog  which  has  so  far  received  only  minimal  attention 
from  biologists,  nor  to  the  best  of  my  knowledge  has  it  been 
core-sampled.  Considering  that  the  similar  bogs  at  the  heads  of 
both  Tumbling  Creek  and  Brumley  Creek  have  been  largely  inundated 
by  recreational  improvements,  the  Beartown  bog  assumes  particular 
importance  for  both  botanical  and  palynological  researches. 
Fortunately,  the  Beartown  region  is  now  included  in  an 
established  wilderness  area,  so  its  future  safety  seems  assured. 


Appalachian  Plateau 


Directly  to  the  west  of  Burke's  Garden  is  the  Appalachian 
Plateau  Province,  mostly  underlain  by  coal  beds  in  Buchanan, 
Dickenson,  and  Wise  counties,  and  small  parts  of  Lee  and  Scott. 
Here  the  rock  strata  of  upper  Palaeozoic  age  are  nearly 
horizontal  and  the  dendritic  drainage  patterns  flow  westward,  for 
the  most  part,  into  Kentucky.  The  original  fauna  of  these 
streams  is  now  lost  to  massive  siltation  and  acid  mine-runoff, 
but  some  of  the  terrestrial  biota  remains  and  is  of  interest  in 
showing  more  geographical  affinity  with  the  interior  of  the 
country  than  with  the  adjacent  Ridge  &  Valley  on  the  east.  The 
Plateau  is  one  of  the  last  areas  of  the  state  to  receive 
biological  exploration,  although  the  vascular  plants  are  now 
being  assiduously  studied  by  D.  W.  Ogle.  Now  extensively  altered 
and  degraded  by  decades  of  lumbering  and  mining,  the  original 
forest  was  Virginia's  only  representation 
Mesophytic  forest,  remnants  of  which  still 
Two  areas  in  particular  merit  special 


of  the 
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Tertiary  Mixed 
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the  Kentucky-Virginia  state  line  near  Haysi  (12)  and  the  plateau 
east  of  Norton  formed  by  confluence  of  Powell  and  Stone  mountains 
at  High  Knob  (13).  The  integrity  of  the  former  locality  is 
fortunately  preserved  within  and  around  the  Breaks  Interstate 
Park,  which  has  in  recent  years  served  as  a  nucleus  for  modest 
collecting  efforts.  Among  other  interesting  elements,  the  Breaks 
region  is  the  northernmost  locality  for  the  xystodesmid  milliped 
Cherokia  georgiana  (Bollman)  westernmost  for  the  carabid  beetle 
Scaphinotus  guyoti  LeConte,  and  southernmost  for  the  archaic 
spider  Hypochilus  gertschi  Hoffman.  Aquatic  insects  have  been 
collected  at  the  Breaks,  but  not  yet  reported,  by  personnel  from 
the  Department  of  Entomology,  VPI  &  SU. 

High  Knob  and  vicinity,  although  largely  contained  within 
the  Jefferson  National  Forest,  is  undergoing  stress  through 
mineral  and  timber  exploitation,  the  latter  appearing  more  severe 
than  elsewhere  in  the  two  Virginia  National  Forests.  It  has 
fairly  well  surveyed  as  regards  the  amphibian  fauna  and  token 
insect  collections  made,  but  so  far  our  knowledge  of  this 
interesting  area  can  only  be  described  as  marginal.  The  location 
there  of  several  camping  sites  should  facilitate  future  survey 
activities.  Because  of  the  ongoing  alteration  of  the  Plateau 
region  through  strip  mining  and  lumbering  (there  is  no  publically 
owned  or  protected  land  in  Buchanan  County  and  very  little  in 
Dickenson),  a  sense  of  urgency  in  the  initiation  of  field  work  is 
certainly  justified.  Quite  possibly  some  relatively  undisturbed 
areas  can  be  identified  and  nominated  for  protection. 
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II.  AREAS  REQUIRING  BASELINE  SURVEYS 

The  category  addressed  here  is  certainly  more  ambiguous  than 
the  preceeding  in  terms  of  its  factual  context,  but  perhaps  even 
more  important.  There  can  be  little  doubt  that  numerous  sites 
occur  throughout  Virginia  whose  biological  significance  remains 
unsuspected,  but  which  may  be  in  imminent  danger  of  being 
cleared,  drained,  dammed,  strip-mined,  or  paved.  Although  this 
specter  of  loss  by  default  hangs  over  the  entire  state,  probably 
it  is  greatest  in  the  Coastal  Plain  where  urbanization  and 
agriculture  seem  to  be  preceeding  most  rapidly.  It  is  now 
established  that  the  Tidewater  region,  in  addition  to  being 
subject  to  this  ongoing  development,  contains  a  number  of  highly 
localized  populations  of  both  animals  and  plants  apparently 
relictual  from  the  Hypsithermal  Interval  of  about  7,000  years  BP. 
A  variety  of  frogs  comes  particularly  to  mind  in  this  connection 
(e.g.,  Hyla  femoralis  Bose,  Hyla  gratiosa  LeConte,  Pseudacr is 
brimley i  Brandt  &  Walker,  Rana  virgatipes  Cope,  the  first  three 
at  their  present  northernmost  limits  in  eastern  Virginia). 
Whether  plant  or  animal,  organisms  in  this  category  occur  in 
small  and  isolated  populations  easy  to  overlook  and  especially 
liable  to  loss  through  some  kind  of  development. 

Aside  from  this  entire  physiographic  province  requiring 
immediate  attention,  the  next  contender  in  my  opinion  is  the  part 
of  the  Piedmont  (often  called  "Southside  Virginia")  lying  south 
of  the  James  River  and  most  particularly  those  counties  adjoining 
the  North  Carolina  state  line.  It  is  a  striking  fact  that  the 
biota  of  the  North  Carolina  Piedmont  contains  a  number  of 
localized  endemic  forms  (crayfish,  mussels,  salamanders)  as  well 
as  austral  species  which  may  occur  as  far  north  and  west  as 
Greensboro  while  known  in  Virginia  only  from  the  Coastal  Plain 
(e.g.,  the  treefrog  Hyla  squirel la  Bose).  It  seems  scarcely 
likely  that  the  state  boundary  represents  a  biogeographic 
barrier,  and  certainly  many  of  these  forms,  in  both  categories, 
will  be  discovered  in  the  lower  Piedmont  of  Virginia;  this  region 
may  thus  very  well  produce  the  greatest  number  of  additions  to 
our  lists  of  both  plants  and  animals.  Unfortunately  the  area  is 
almost  entirely  in  private  ownership  and  heavily  posted,  much  of 
it  was  formerly  cultivated  and  now  grown-up  (if  at  all)  in  third- 
or  fourth-growth  stands  of  pine,  maple,  oak,  and  sweetgurn.  The 
major  roads  tend  to  follow  drainage  divides  and  avoid  the  more 
interesting  lowlands,  and  even  there,  streams  tend  to  be  heavily 
silted.  The  Piedmont  is  certainly  not  an  attractive  region  for 
collectors,  yet  unquestionably  it  is  one  of  very  high  potential. 

Thirdly,  the  extreme  southwestern  counties,  particularly 
Wise,  Dickenson,  and  Buchanan,  must  receive  high  priority  in 
survey  schedules  because  of  the  extent  and  rate  of  surface 
alteration  taking  place  in  the  state's  only  area  of  Mixed 
Mesophytic  Forest  with  its  special  communities. 

III.  IMPLEMENTATION  POSSIBILITIES 


How  to  locate  and  identify  areas  such  as  postulated  under 
the  foregoing  heading  remains  a  problem,  but  not  an  unsolvable 
one.  The  inspection  of  topographic  maps  and  aerial  photographs 
provides  evidence  of  likely  swamps,  marshes,  ravines,  springs, 
for  follow-up  on  foot.  Inspection  of  museum  collections  for 
chance-collected  material  often  gives  useful  insights  (earlier 
biologists  such  as  M.  L.  Fernald  in  plants  and  A.  H.  Clark  in 
insects  covered  a  lot  of  ground  rather  thoroughly). 
Conversations  with  local  residents  can 
Exploratory  techniques  are  not  difficult 
it  is  not  always  possible  to  rely  on  the 
to  suggest  its  potential:  surely  nobody 
that  Cressy  Creek  near  Sugar  Grove  would 


unearth  fruitful  leads, 
to  work  out.  Of  course 
general  facies  of  a  site 
would  ever  have  assumed 
be  of  any  interest,  much 


less  harbor  an  endemic  birch,  either  from  topographic  maps  or 
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from  a  casual  drive-past  inspection  of  the  site  itself.  Some 
things  will  probably  always  be  found  only  by  serendipity. 

A  more  daunting  prospect  is  embodied  by  the  question,  what 
groups  are  to  be  surveyed  during  this  initial  reconnaissance? 
Certainly  birds  and  flowering  plants  rank  high  because  of  their 
visibility  and  predictability  in  the  context  of  habitat 
preferences,  and  these  two  groups  are  surely  already  the  best- 
known.  Yet  other,  still  poorly-investigated  taxa  are  equally 
deserving  of  protection,  and  may  constitute  good  indicators  of 
interesting  and  valuable  communities  which  might  not  be  detected 
by  reliance  on  more  conspicuous  index  species  alone.  Small 
mammals,  gastropods,  soil  and  litter  inhabitants,  and  many  kinds 
of  aquatic  organisms  usually  require  special  collecting 
techniques,  and  it  is  not  reasonable  to  expect  botanists  to 
devote  time  and  effort  to  such  groups  nor  to  expect  somebody 
skilled  in  finding  freshwater  mussels  to  press  plants  or  operate 
a  light  trap. 

Ideally,  one  might  suggest  that  baseline  surveys  be  made  by 
initial  location  of  promising  sites  through  collaborative 
efforts,  followed  by  systematic  collections  by  coordinated  teams 
of  specialists  using  techniques  appropriate  for  different 
habitats:  soil  extraction,  pitfall  trapping,  light  trapping,  net 
traps  for  aquatics,  and  so  on,  in  addition  to  the  traditional 
methods  of  capture  or  uprooting  by  hand.  Ultimately,  every 
county  in  the  state  (or  selected  counties  of  small  counties) 
might  be  sampled  in  this  way,  and  at  all  seasons  of  the  year. 
Certainly,  a  systematic  approach  would  not  always  detect  pockets 
of  endemism  or  other  significance,  but  it  would  not  fail  to 
produce  a  vast  store  of  data  on  geographic  and  seasonal 
distribution,  life  histories,  and  population  structure  on  many 
kinds  of  organisms,  and  would  constitute  a  major  component  in  a 
baseline  biological  survey  for  the  state. 

Who  would  undertake  such  work?  As  here  envisaged,  its 
magnitude  would  probably  preclude  any  single  agency,  and  a 
collaborative  effort  seems  most  promising.  The  Virginia  Natural 
Heritage  Program  is  already  involved  (with  an  emphasis  on  plants) 
and  its  experience  would  serve  to  provide  both  organizational 
expertise  and  an  existing  data  base.  The  "BOVA"  project  of  the 
Department  of  Game  and  Inland  Fisheries  is  likewise  accumulating 
input,  particularly  on  the  vertebrate  classes,  including 
ecological  as  well  as  distributional  data;  it  could  thereby 
provide  predictive  information.  Actual  surveys,  some  of  them 
intensive,  have  been  and  are  being  conducted  by  a  number  of 
individuals  working  with  specific  taxa  ( angiosperms ,  small 
mammals,  freshwater  fish,  amphibians  and  reptiles,  birds, 
mollusks,  a  few  groups  of  insects,  are  some  that  come  to  mind) 
but  the  logistic  problems,  including  funding  and  the  storage  and 
identification  of  accumulated  material,  are  being  managed  as  best 
as  possible  in  opportunistic  ways.  Certainly  it  is  reasonable  to 
expect  that  the  Virginia  Museum  of  Natural  History,  now  under 
consideration  for  incorporation  into  the  state  government,  could 
and  should  assume  a  major  role  in  participating  both  in  the 
actual  exploration  for  areas  of  concern  and  in  care  of  the 
material  generated  through  such  efforts.  One  of  the  major 
responsibilities  of  this  museum  will  be  advancing  knowledge  of 
the  Virginia  biota  in  any  way  possible,  from  the  accumulation  of 
specimens  to  the  publication  of  handbooks  and  manuals.  An 
integrated  collaboration  of  the  three  agencies  mentioned  here,  as 
well  as  the  various  individual  investigators  dispersed  around  the 
state  (and  those  who  come  here  to  collect  from  other  places) 
would  appear  to  be  the  most  effective  way  of  proceeding  both  in 
the  lines  of  locating  critical  and  as  yet  unknown  sites,  as  well 
as  organizing  the  resultant  knowledge  into  meaningful  syntheses. 
It  is  to  be  hoped  that  concerned  parties  might  consider  the 
merits  of  such  a  collaborative,  responsibility-delegated  effort. 
Every  year  thousands  of  acres  of  Virginia  are  being  cleared  or 
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altered  in  some  way  and  the  liklihood  of  losing  major  parts  of 
our  natural  heritage  is  steadily  increasing. 
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NECROLOGY 


Nolan  E.  Rice 
1908-1987 


Dr.  Nolan  E.  Rice  died  unexpectedly  on  November  25,  1  987. 
He  was  emeritus  professor  of  biology  at  the  University  of 
Richmond  where  he  taught  for  28  years  beginning  in  1950. 

Born  July  2,  1908  in  Covington,  Kentucky,  he  attended  the 
University  of  Kentucky  where  he  was  awarded  the  Bachelor's  degree 
in  1931.  He  did  his  graduate  work  at  Duke  University  receiving 
his  Master's  degree  in  1933  and  the  Ph.D.  in  1934. 

His  teaching  experience  started  in  1934-35  at  Brenau 
College.  He  Moved  to  the  University  of  Tennessee  for  two  years, 
1935-37,  and  then,  in  1937,  to  Middle  Georgia  College  where  he 
remained  until  1943. 

He  left  the  teaching  field  in  1943  to  become  head  of  the 
culture  department  at  Carolina  Biological  Supply  Company.  While 
with  Carolina  Biological,  Dr.  Rice  was  very  active  in  Civic 
affairs  and  served  as  Mayor  of  Elon,  North  Carolina  during  part 
of  his  residence  there. 
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His  love  for  teaching  brought  him  back  into  close  contact 
with  students  when  he  moved  to  the  University  of  Richmond  in 
1950.  He  taught  a  variety  of  biology  courses  and  was  widely 
respected  by  his  students  for  the  thoroughness  and  careful 
organization  of  the  material  that  he  presented.  He  also  taught 
courses  in  geology  for  a  short  period  of  time  and  as  this  was  his 
second  academic  love,  he  gave  it  the  same  professional  effort  as 
he  gave  to  biology. 

His  interest  in  aquatic  biology  resulted  in  research  dealing 
with  jellyfish,  both  freshwater  forms  as  well  as  marine  forms. 
He  collaborated  in  research  with  a  chemist  colleague  (W.  Allen 
Powell)  in  determining  factors  related  to  the  marine  scyphozoan 
toxins.  As  he  was  an  avid  boatman,  he  often  combined  research 
with  pleasure. 

He  was  a  member  of  several  professional  societies  including 
The  American  Society  of  Zoologist,  American  Association  for  the 
Advancement  of  Science,  The  Society  of  Sigma  Xi,  The  American 
Institute  of  Biological  Sciences  and  The  Virginia  Academy  of 
Sci ence . 

Both  before  and  after  retirement  he  was  active  in  civic 
affairs  and  related  to  his  interest  in  boating.  He  taught 
courses  for  the  Richmond  Power  Squadron  and  he  was  involved  with 
the  squadron  and  their  various  aircraft.  He  continued  flying  for 
some  time  after  he  came  to  Richmond. 

Dr.  Rice  will  be  remembered  by  many  because  of  his  wide 
range  of  activities,  but  he  will  be  remembered  most  for  being  a 
superior  teacher. 


Jeffress  Research  Grant  Awards 


J  e 
Re 
re 
Tr 
a 

re 
g  r 
Co 
an 


N. 

be 

Je 

P. 


The  Allocations  Committee  of  the  Thomas  F.  and  Kate  Miller 
ffress  Memorial  Trust  has  announced  the  award  of  Jeffress 
search  Grants  to  the  institutions  listed  below  to  support  the 
search  of  the  investigator  whose  name  is  given.  The  Jeffress 
ust,  established  in  1981  under  the  will  of  Robert  H.  Jeffress, 
business  executive  and  philanthropist  of  Richmond,  supports 
search  in  chemical,  medical  and  other  natural  sciences  through 
ants  to  non-profit  research  and  educational  institutions  in  the 
mmonwealth  of  Virginia.  The  Jeffress  Research  Grants  being 
nounced  here  have  been  awarded  in  1987. 

The  Jeffress  Memorial  Trust  is  administered  by  Sovran  Bank, 
A.  Additional  information  about  the  program  of  the  Trust  may 
obtained  by  writing  to:  Advisor,  Thomas  F.  and  Kate  Miller 

ffress  Memorial  Trust,  Trust  Department,  Sovran  Bank,  N.A., 
0.  Box  26903,  Richmond,  VA  23261. 


Christopher  J.  Abelt,  College  of  William  and  Mary.  Quinone-capped 
beta-  Cyclodextrins:  Potential  Photoinduced  Electron  Transfer  Catalysts. 
$41,700  (three  years). 


Ted  L.  Anderson,  Eastern  Virginia  Medical  School.  Embryo-Uterine 
Interactions  as  a  Model  for  Oncogenesis.  $40,000  (two  years). 


Lester  Andrews,  University  of  Virginia.  Infrared  Spectroscopy  of  Electron 
Impact  Products  in  Solid  Argon  and  Neon.  $32,000  (two  years). 


John  W.  Bigbee,  Virginia  Commonwealth  University.  Ij}  vitro  studies  on  the 
regulation  of  axolemmal-gl ial  specializations  during  development  and  following 
demyel ination.  $23,935  (two  years). 


P.  Elaine  Butler,  Virginia  Commonwealth  University.  Molecular  Basis  of  a 
Deficiency  of  a  Kidney  Metalloproteinase  in  Certain  Inbred  Mouse  Strains. 
$30,210  (two  years) . 

Martin  D.  Chapman,  University  of  Virginia.  Primary  Structure  and  Epitope 
Mapping  of  Two  Major  House  Dust  Mite  (Dermatophagoides)  Allergans  --  Der  p  I 
and  Der  f  I.  $24,982  (one  year). 

Peter  L.  DeFur,  George  Mason  University.  Acid-base  equilibrium  of  body 
fluids.  $18,429  (one  year). 

Raymond  N.  Dominey  and  Ekkhard  Sinn,  University  of  Richmond.  Synthesis 
and  Electrochemistry  of  Homo  and  Heteronuclear  Model  Compounds  for 
Metal loenzyme  Systems.  $14,545  (one  year). 

Gina  L.  Hoatson,  College  of  William  and  Mary.  Deuteron  Magnetic  Resonance 
of  Liquid  Crystals  and  Binary  Mixtures.  $30,000  (two  years). 

Guy  Indebetouw,  Virginia  Polytechnic  Institute  and  State  University. 
Self-imaging  ring  resonators  with  photorefracti ve  gain:  Their  potential  use 
in  optical  computing.  $40,125  (two  years). 

Thomas  M.  Krummel,  Virginia  Commonwealth  University.  In  vitro  Studies  of 
Fetal  Wound  Healing.  $28,423  (one  year). 

Dennis  W.  Matt,  Virginia  Commonwealth  University.  Reproductive  Aging  and 
the  Hypothalamic-Pituitary  Axis.  $26,920  (two  years). 

Ravinder  K.  Mittal,  University  of  Virginia.  Modulation  of  Esophageal 
Contractions  and  Peristalsis  by  Preload  and  Afterload.  $21,500  (one  year). 

Barbara  A.  Mittman,  University  of  Richmond.  A  Reverse  Genetics  Approach 
to  Analyzing  Histone  H4  in  the  Yeast,  S^  cerevisiae.  $11,849  (one  year). 
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Raymond  F.  Morgan,  University  of  Virginia.  The  Role  of  alpha- 
V asoconstrictor  Receptors  in  the  Interaction  of  Lidocaine  and  Epinephrine  in 
the  Rat  Cremaster  Muscle.  $11,263  (one  year). 

Edward  E.  Morrison,  Virginia  Commonwealth  University.  The  Olfactory 
System  as  a  Model  for  CNS  Regeneration:  Neural  Transplants.  $38,573 
(two  years). 

Paul  H.  Ratz,  Eastern  Virginia  Medical  School.  Regulation  of  Receptor- 
Activated  Smooth  Muscle  Contractions.  $50,000  (three  years). 

Gary  W.  Rice,  College  of  William  and  Mary.  Development  and  Application  of 
Afterglow/Discharge  Systems  as  Element  Specific,  Multielement  Detectors  for 
Gas  Chromatography  and  Emission  Spectroscopy.  $23,300  (two  years). 

Erin  G.  Scheutz,  Virginia  Commonwealth  University.  Regulation  of 
Cytochrome  P-450b/e  in  Hepatocyte  Cultures.  $19,000  (one  year). 

B.  S.  Shivaram,  University  of  Virginia.  Low  Temperature  Acoustic  Studies 
in  Heavy  Fermion  Materials.  $23,000  (one  year). 

Suzanne  W.  Slayden,  George  Mason  University.  Relative  Migratory  Aptitudes 
of  Alkyl  Groups  in  the  Protonation  of  Ethenyl  -  and  Ethynyltri al kylborates . 
$13,500  (one  year) . 

George  F.  Spagna,  Jr.,  Randolph-Macon  College.  Numerical  Investigation  of 
Continuum  Radiation  Transport  in  Disk-Shaped  Interstellar  and  Circumstel lar 
Dust  Clouds.  $9,445  (one  year). 

Joseph  A.  Topich,  Virginia  Commonwealth  University.  Bioinorganic  Models 
for  the  "Molybdenum  Cofactor."  $21,700  (one  year). 

Eric  H.  Westin,  Virginia  Commonwealth  University.  C-myc  and  c-myb  in 
human  myelomonocytic  differentiation.  $22,588  (one  year). 

Zendra  E.  Zehner,  Virginia  Commonwealth  University.  Regulation  of 
Intermediate  Filament  Gene  Expression.  $15,000  (one  year). 


Biotech 

Bulletin  Board  for  Biotechnology 


People  who  are  interested  in  biotechnology  now  have  a  new 
bulletin  board  that  is  available  through  the  University  of 
Maryland.  It  can  be  accessed  over  any  major  academic  network, 
such  as  BITNET,  ARPANET,  CSNET,  EARNET  and  any  other  computer 
networks  with  gateways  to  these  networks. 

The  mailing  list  "BIOTECH"  is  open  for: 

-  discussion  on  any  topic  of  interest 

-  software/hardware  issues 

-  announcements 

-  submission  of  bulletins 

-  exchange  of  ideas  and  data 

-  suggestions  on  usage  of  the  electronic  mailing  list 


Currently,  subscription  to  the  mailing  list  is  free  since 
most  university  computers  are  connected  to  one  or  more  of  the 
networks  listed  above  and  are  supported  by  grants.  However,  if 
you  are  outside  of  the  United  States,  you  should  check  with  your 
computer  consultants  to  see  if  you  can  send  and  receive 

electronic  mail  over  BITNET.  If  you  already  have  a  computer 

account  on  a  University  computer,  find  out  which  networks  your 

computer  is  connected  to.  Depending  on  the  network,  use  the 
appropriate  mailing  address  given  below  to  request  for 

subscription  to  BIOTECH. 

From  NETWORK  TO 


BITNET 

ARPANET 

CSNET 

UUCP 

from  EUROPE 
&  ASIA 


mail  BIOTECH0UMDC 

mail  BIOTECH%UMDC. BINET@WISCVM.WISC . EDU 
mail  B  IOTECH%UMDC .BITNET0CSNET -RE  LAY. CSNET 
mail  .  .  .  ! sei smo ! cvl !umd5!biotech%umdc.bitnet 

User  on  BITNET  and  ARPANET  should  try  the 
above  mailing  addresses.  Users  on  other 
networks  should  ask  the  local  consultants 
whether  they  can  access  BIOTECH  mailing  list. 


Moderators  of  the  mailing  lists: 

Deba  Patnaik  (Center  of  Marine  Biotechnology)  deba@umdc .  BITNET 
Dave  Swartz  (Sea  Grant  College)  dave@umdc . BITNET 


Dr .  Fred  L.  Singleton 
Acting  Director 

Center  of  Marine  Biotechnology 
600  E.  Lombard  Street 
Baltimore,  Maryland  21202 


OLD  DOMINION  UNIVERSITY 


College  of  Sciences 
Department  of  Biological  Sciences 
Norfolk,  Virginia  23508-8560 


804-440-3595 

Frank  Simurra 

Personnel  Manager 

Procter  &  Gamble  Manufacturing  Co. 

Portsmouth,  VA  23705 


5/26/87 


Dear  Mr.  Simurra: 

On  behalf  of  the  Microbiology  Section  of  the  Virginia  Academy  of 
Science  I  thank  the  Procter  &  Gamble  Manufacturing  Company  for  sponsoring 
the  1987  "Student  Research  Paper  Award"  at  the  annual  meeting  of  the  V.A.S. 
at  Old  Dominion  University. 

The  quality  of  the  student  papers  was  high  this  year  and  the  judges 
decided  to  award  five  prizes  rather  than  three.  The  $150  donated  by  your 
company  was  divided  into  one  $50  first  prize  and  four  $25  second  place 
prizes.  The  winners  were  as  follows: 

First  Prize: 

Nancy  J.  Grambow,  Dept.  Microbiology  and  Immunology,  Virginia  Commonwealth 
University.  In  vitro  analysis  of  a  positively  regulated  late  gene  promoter. 

Second  Prizes: 

Stacy  Schults,  Dept.  Biology,  James  Madison  University.  Cloning  of  the 
Alcaligenes  eutrophus  H16  poly-B-hydroxybutyrate  biosynthetic  pathway  into 
Escheri scFia  coll. 

E.  Moll,  Dept.  Biology,  Old  Dominion  University.  Use  of  the  Salmonella 
mutagenicity  test  for  evaluation  of  mutagenic  activity  in  estuarine  water 
samples. 

G.F.  Burton,  MCV/VCU,  Richmond.  Decreased  anamnestic  response  in  aged  mice 
corresponds  with  lymph  node  follicular  dendritic  cell  deficit. 

Rose  Marie  Piazza,  Medical  College  of  Virginia,  Dept.  Microbiology  and 
Immunology.  Evidence  for  a  follicular  dendritic  cell  (FDC)-  derived  growth 
factor. 

Again,  I  thank  Procter  and  Gamble  for  supporting  the  Microbiology  Section 
Student  Paper  Award.  It  will  help  to  encourage  all  participating  students 
to  strive  for  excellence  in  their  research. 


Chairman,  Microbiology  Section 


cc  Dr.  William  Banks,  President,  VAS 

Dr.  James  Martin,  Editor,  Virginia  Journal  of  Science 


MEMBERSHIP 


Membership  in  the  Academy  is  organized  into  sections  repre¬ 
senting  various  scientific  disciplines  as  follows: 


1.  Agricultural  Sciences 

9.  Medical  Sciences 

2.  Astronomy,  Mathematics 

10.  Psychology 

&  Physics 

11.  Education 

3.  Microbiology 

12.  Statistics 

4.  Biology 

13.  Space  Science  & 

5.  Chemistry 

Technology 

6.  Materials  Science 

14.  Botany 

7.  Engineering 

15.  Environmental 

8.  Geology 
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Annual  Membership  Dues  - 

—  Includes  subscription  to 

Virginia  Journal  of  Science 

Approved  May  2,  1985  — 

Effective  January  1,  1986 
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Life — Individual . 

.  300.00 
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VIRGINIA  ACADEMY  OF  SCIENCE 

Department  of  Biology  —  University  of  Richmond  23173 
Date _ 

Name  (Please  Print) _ 

Address _ _ _ 


City  State  Zip 

Institution  or  Business _ _ 

Position  —  Title _ 

Fields  of  Interest  —  Section  No. _  First  No.  indicates  major  interest 

Class  of  Membership  Desired _ 

Contacted  by: _ _ _ _ _ _ 

Make  check  payable  to  VIRGINIA  ACADEMY  OF  SCIENCE  and  send  to  above  address. 
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